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PREXACE

In the present textbook, problems in the theory and practice of aeronavigation
are set forth and instructions are given on locating an aircraft in flight and guid-
1ng an aircraft from one place to another, starting with its take-off to its.iandjng
inciusive.

The science which teaches the ways and means of aeronavigation is called the

theory of seronfrigation.

9
e

The complex actions of the crew of an aircraft in flight, when applying the
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means of aeronavigation, in order to reach the destination of flight is called the
practice of aeronavigation. '

It is evident from the above definitions, that theory and practice of aeronavi-
gation are necessarily interconnected. The theory gives the know]'_edge -~ how and by

what means it is possible to accomplish a flight from one place to another; the

practice gives the experience - when and vhat to apply in order to carry out the
flight successfully. In this consists the dialectical interconnection of the theory

and practice of aeronavigation.

For this reason, the present textbook consists of two parts; the first covering

the principles of the theory and means of 'aesronavigation; the second describing the
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—Ipractice of aeronavigation. As a whole, t{he book is intended to teach one of the

1

3

—imost important disciplines of the science ;of aviation - aeronavigation - to the stu-

dents of aviation schools and the flight ;;ersonnel of fighting units of the Air

Force.
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The present status of development of iaeronavigation permits safely to carry out
a
. s_under various meteorological conditions,.at various times of the day and at
s .
.._:;a.ny locality.

Tt was showun by the experience of the Great Fatherland War and by practical
flights during the postwar period, that accurate aeronavigation in any flight is im-
possible without a wide, and mainly, a sk311ful app]ication of technological means of

aeronavigation.

The various technical means at the djl.sposal of the aircraft crew, assure an ac-
curate completion of flight over predeten!lined routes, arrival at destination at
rigidly set times, overcoming unexpected light complications, and safe landing un-
der poor visibility.

By technical means of aeronavigation .are meant the ground radiotechnical and
other installations as well as the airbon?e equipment.

Present-day technical means of aefon%vigation are divided into three groups,
according to the pripciple of action, cha!acter of use, and conditions of applica-
tion. ]

The First Group comprises common mearis of aeronavigation. These are: magnetic

|
compass, air speed indicator, altimeter, 1locks and other instruments, which are in-
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stalled on every aircraft, and are applicable under all conditions and at all stages
of any £light. For their functioning, these instruments do not require ground sup-
port of aeronavigation or illumination from celestial bodies.

The Second Group comprises radiotechnical means and systems of aeronavigation,

|
which include aircraft as well as ground installations, whose combined use permits

A R Aﬁlaw'w‘\—'v"“rr.,ea-w:a-u e e

solving many problems of aeronavigation under complicated flight conditions.
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The Third Group includes astronomicail. devices: aviation sextants, astrocom-

passes, chronometers and others which, at various latitudes permit accurate position

! .
fixing of the aircraft and determination of the direction of flight, by observing

the celesiial bodies without aid from any ground means.
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In order to meke various navigational calculations and measurements on maps,
| .

| the crew has at. its. disposal.navigationals-computing-and_measuring.instmments;__—

!
course-and-speed computer, navigational computer, drawing scales, protractor, and

calculating aids (graphs, Tables). Besides that, for aeronavigation could be applied
various light techniques and orientation signs, such as beacons, projectors, and also

signal means (pyrotecmzical) , smoke generé.tors , flares, etc.

The condition of present-day aeronavigation can be characterized by considerable
. [ ]

speed, high altitude of flight, ‘considerable radius of action of the aircraft, and
also unavoiciable changes in meteorologicaZ:L conditions, which complicate the work of
the. crew in flight.

During combat activities, the conditions of flights are often changed and need
rapid decisions as to changes in course, é'.ltitude, speed, and other elements of

4 flight. Therefore, for safe aeronavigatic‘m the flight personnel must not only learn

the principles of the theory and means of|aeronavigation, but must also master the

indispensable knowledge of such disciplines as aviation meteorology, vartime geogra-

phy, tactics, and particularly the practical aspects of aeronavigation.
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A_SHORT HISTORY OF THE DEVELOPMENT OF AERONAVIGATION

]

. |
Pre-eminence_in creating and perfecting technical means of aeronavigation, in

-Wworking out ways to use those means for cc!mpletion of flights under various condi-

__|tions, belongs to the.scientists, engineers, pilots, and aviators of our country.

Our country built the first balloon in the world, the first aircraft, and the
:first autogyro. It is in our country tha‘é, for the first time in the world, orienta-
:tion in flight by the aid of instruments was realized. Our country can rigntfully
__|consider itself the birthplace of aeronautics, the birthplace of aeronavigatvion.

The sources of the.scientific princigles of pxl'esent—day aeronavigation are con-
_{tained in the works of the Russian scien‘»;:i!sts and practical workers including seamen

aeronauts, and aviators. The great labors, inventions and devices by the leaders of

Russian science M.V.Lomonosov, D. I.Mendeléyev, K.E.Tsiolkovskiy, N.Ye.Zhukovskiy,

academicians Ya,D.Zakharov) I.P.Kolonga, admirals of the Russian fleet G.I.Butakov,
S.0.Makarov, A.N.Krylov, outstanding inventors A.F.Mozhayskiy and A.S.Popov, avia-
tors P.N.Nesterov, Ye.N.Kruten, A.N., Zhuravchenko, and many others laid-the founda-

—] - !
tions of the theory and practice of aeronavigation.

A distinetive trait of the creative power of the Russian scientists and inven-

tors, responsible for the development of the foundations of aeronavigation, was that

from the very beginning, they did not fo]_’lLow the pe;th of dry empiricism in the de-

J
velopment of aeronavigation, but that their first practical steps in this direction

were thought out and based on theory. This gave them a possibility of  correctly

i
foreseeing the path of future development 'of aeronavigation.
. I

_ The inventor of the first aircraft 51% the world, A.F.Mozhayskiy, even beiore

- ) s
his aircraft took off, was already thinking of means and instruments by which to. |

1 [

navigate it. He installed on his aircrafi instrumenis essential for aeronavigation:

54.lclock,-altimeter,air speed indicator, and megnetic _compass,._espe cially built for _ .

-] :
56_.this_purpose by academician I.P.Kolongae —. — -
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The later developments of aviation co;npletely confirmed the justification of
2-—-«

—A.E.Mozhayskiy!s_predictions.—It is.known that-all-contemporary aircrafiare-equippe

4
a—i'?r_i.th special navigational instruments, a.nd.I that the crew of miltiseat aircraft always
6

—lincludes a navigator, responsible for aerofna.vigation.
8— N

During the period when aviation firstl began to develop, the seamen of the
i0

ssian fleet had already great experience in ship navigation, and this experiénce
- 12

was utilized by aviators. Yet, the aviators did not just mechanically transfer the
14 1

—method of naval navigation to aviation. T'hey critically reviewed the methods of ma-
16 — !

—Irine navigation and utilized everything that was valuable and acceptzble, also re-
specting the experience of aeronauts, and independently worked out the problems of

aeronavigation.

Various instruments and other means, specially designed for aeronavigation, were
]

sy
H

invented. At the end of the Nineteenth Ce'ntury, the Russian inventor M.M.Pomortsev

constructed the first navigational pelorus: in the world, consisting of a combination

of compass and optical sight. Similar peloruses began to appear abroad only ten
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years later. In Russia the first special flight map was created. There were also
invented instruments for measuring ground speed of an aircraft, course and speed com-
ruters of the vectorial type, astronomicalj instruments, and many others.

The progress of Russian aviators in the exploitation of the theory and practice

B T TR LI X IR A aharh

pf aeronavigation was demonstrated at the beginning of World War I, in unheard-of

long~distance flights of the domestic aircraft "Russian Knight" and "Ilya MHuromets'.
|
in the year 1914, the flyer P.N.Hesterov accomplished the outstanding flight from

- l
Kiev to St.Peterburg. He skillfully selected a flight route of the shortest distance

(air line) and completeéd the flight in one, day, flying 1250 km in eight flying hours,

To the Russian aviation great credit %is due in conquering the Arctic. THe first
i

. !
$9 flyer in the world to accomplish flights beyond the Arctic Circle was the Russian
Lot i

'—[f‘lyer I.I.Nagurskiy. On 8 August 1914, be'jng a member of the rescue expedition di-

5S4 ——
’ {

5 G—II'ected to search for the polar explorer G.Ya.Sedov, the flyer Nagurskiy with the
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motorist Kuznetsov made a flight in the région of Novaya Zemlya. The flight was
[ .
 carried-out_under—complicated-meteorological conditions.and lasted 4 hrs and 30 min.

"] was flying - reports Nagurskiy - along the borders of Novaya Zemlya by the

aid of a compass... From the north appeared dense clouds, below there was heavy fog
Orientation became very difficult... I was flying in dense clouds for a full hour..

Nagurskiy found his way by the aid of |a sloop compass prepared in the workshops
of the Hydrographical Bureau in Petrogradj

Al11 together, I.I.Nagurskiy complete% 10 flights, five of them long-distance.

In the years of World War I, the Ruséian aviator, now professor, the honorable
scientific and technical worker, Stalin Pﬁize laureate, A.N.Zhuravchenko, serving at
the time in an artillery unit of heavy ai%ships, was the first in the world to work
out and verify in practice a method of na%igation of an aircraft under complicated

meteorélogical conditions by the aid of a:compass and other instruments. He also

suggested the methods of measuring wind id flight when land is visible as well as

Sy GV S G

above the clouds.

Those and many other works of Russian scientists; designers, and flyers are
proof that Russia, where the first aircraft in the world was built and took off, was
also the birthplace of the theory and practice of aeronavigation. Our native avia-

tion ideas and flight practice were foremost already in pre-revolutionary days, not-

- |
withstanding the fact that the pioneers oﬁ the Russian air fleet had to overcome the

inertness and routine of the ruling circles of Tsarist Russia, cringing before

With the victory of the Great Octobeﬁ Socialist Revolution, our country estab-

foreign countries.

~{lished the most progressive social and poiitical order, the creative powers of the

nation were freed, unlimited perspectives'for the development of all branches of
’ |

science and technology were opened. During this time, the Air Fleet of the Soviet

1country, developed after October, was developing and gaining strength, and with its

growth Soviet aeronavigation was being formed.
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The creation and development of the Soviet Air Force is intimatelyr connected

. with the work of the Communist Part; and the Soviet Government.

Tre leaders of the Communist Partr and Soviet lation V.I.Lenin and I.V.Stalin,

from the first days of the existence of the Soviet Government, took all measures to
create strong Soviet armed forces, for the
defense of our native land from foreign
interventionists and domestic counterrevo-
lution. The Central Committee of the Com-
munist Party and Soviet Government made
all the important decisions, embracing all
sides of organizing the armed forces; this
included the 3Soviet aviation: problems of
orgenizing air detachments, preparing of
cadres, flight application, etc.

In the year 1919 a school for commu-~
nist airmen-observers was orgauized. In
August 1920 work had begun in the aeronavi-
A N.Zhuravchenko

gational section of the Higher Aerophoto-

grammetryv School, Among its first graduates were prominent aviation pilots famous

in our country, the Feros of the soviet Union, A.V.Belrakov and 3.A.Danilin.

In 1921 the following schools were opened: in Petrograd, the lilitary Academy
for Airmen-Observers; in Serpukhov, the Artillery and Bombing Academy which were
later merged into one school knovm as the Third Orenburg School for Airmen-Observers.

At the same time great attention was paid to the creation of scientific avia-
tion research institutes. In December 1918, the Central Aerohydrodynamic Institute
(TsAGI) was established. In addition, operation was started of the Scientific-

Ixperimenial i@colew:-; 1 “nstitute of the engineers of the Red Air Force, which

b

was reorganized in 1922 into the Air Force Engineering Academy imeni Professor
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NeYe.Zhukovskiyr. In March 1923 the first scientific-testing establishment for prob-

lems of aeronavigation was opened, the Central Aeronavigational Station (TsAiS),

which after Cctober 192/ became part of the Scientific-Experimental Aerodrome.

The greatest advances in scientific testing work in the field of aeronavigation
began in 1925, At that time several special scientific research institutes in the
field of radio engineering of special electrical equipment were established. This
included the aeronavigational bureau, which consisted of the following: B.V.Sterli-
gov, 5.A.Danilin, I,T.Spirin, S5.S.Tikhenev, and others. The activities of these es-

tablishments considerably influenced the
laring of the foundations of Soviet aero-
navigation.

The Soviet airmen, inspired by the
constant attention of the Communist Party
and Soviet Government did a lot to solve
a diversity of problems in the theory and
practice of aeronavigation.

In those days, the Soviet pilots faced
the problem of familiarizing themselves
with the methods of piloting aircraft over
given routes, independently of the pres-
ence and visibility of ground marks, and
with use of navigational flight control

B.V.3terligov
instruments: magnetic compass, altimeter,
air speed indicator, clock and aircraft sight pendant.

Although the work of instilling the idea of the use of instruments for aeronavi-
gation was complicated, the persistent and tenacious labors of Soviet navigators,
airmen and engineers, led to the successful solution of this problem by the end of

1927. The problem of aeronavigation during day and night, over land and sea, was
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solved in the Soviet Aviation theoretically as well as practically.

This was followed by the problems of aeronavigation in poor visibility (in
clouds and above the clouds). At the time when the flyers familiarized themselves
with navigating aircraft by the aid of instruments without visible natural horazoen,
the navigators mastered the art of flying aircraft in the clouds. This task turned
out to be even more complicated, but the persistent labor, the keen mind, and inven-
tiveness of the Soviet people overcame that difficulty. Closed cabins for the train-
ing of airmen were developed, jnstructions for "blind" navigating were vritten, im-
proved were the methods of calculating and laying out the flight path under condi-

tions of zero ground visibility. The first
cross-country flight in dense clouds was
accomplished by the navigator S.A.Danilin
in February 1928. later many Soviet navi-
gators mastered such flights.

In the course of working out the prob-
lems of aeronavigation with invisibility of
landmarks, the method of position fixing
in flight by celestial bodies was greatly
improved. Great work in this field was
done by V.P.Vetchinkin, A.N.Volochov,
L.P.Sergeyev, R.V.Kunitskiy whose efforts
greatly enriched aviation astronomv.

At the beginning of 1929 a method of

SeA.Danilin
navigating a monoplane during day and
night under complicated meteorological conditions was fully developed. It was nec-
essarv to try out practically in every detail all the work done in this field. Such
a check was the flight during the fall of 1929 from Moscow to New York over the Far

East on a Soviet twin-engine bomber TB-1, designed by A.N.Tupolev. The crew of this
STAT
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aircraft (commander S.A.Shestakov, navigator B.V.Sterligov) covered 21,242 km flying
over the Siberian Tayga, the Okhotsk and Bering Seas, and the entire North American
Continent. The undertaking of a group of American "Douglast aircraft to fly the
same route (in the opposite direction) failed.
Tn another great flight in September 1930 over the route Hoscow - Ankara -
Teheran - Kabul - Tashkent - Orenburg - Hoscow, the group of Soviet aircraft P-5 was
led by the navigator, now Hero of the
Soviet Union, I.T.Spirin.
The results of work in the develop-
ment of aeronavigation were published in
.
1930 by B.V.Sterligov in the Handbook for
Air Navigation. The book gave details on
practically proven methods of aeronaviga-
tion. In 1932 the first detailed official
publication on the problems of aeronaviga-
tion was published: Instructions for the
Air-Havigation Service (FANS).
The next stage in the development of
the Soviet aeronavigation was the master-
_ing of the art of navigating large groups
I.T.Spirin
of aircraft.
In the spring of 1932, the Soviet Government, during the celebrations of May
Day decided to conduct an air parade over Red Square in Moscow. _The problem was how
to assemble and conduct a large group of aircraft of various types and speeds in a
given formation at an exactly set time over Red Square. At that time, the only
means of assembling groups was assembly by flring in a circle over the airfield. In
this case, this method was unsuitable, since it did not permit gathering a large

number of aircraft from several airfields.
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The. Soviet na.v:.ga‘bors or.]J;antLv acbonnllshed the given task. At the parade,’

_the method_of assembling on a_loop.of large aircrafi _groups, suggested by

B.V.Sterligov, was used for the first time. Over the capital of our Motherland flew
]

orderly colums oi Soviet aircraft.

I.a.ter, the methods of assembling amdl navigating large groups of aircraft were

—{ used not only for air parades, but also J.il combat preparatlons of aviation units and

formations. The gathered data were comm.led in the book bj B.V.Sterligov, published
in 193%: "Havigation of ILarge Air Force Ii?ormations within a Iimited Radius'.

In 1933, in swming up the i‘ul‘-.‘illmezlzt of the first Five-Year Plan, I#/.Stalin
said: %"The Soviet Union. has turned into 2 country mighty in defense, a land ready
for any emergency, a land capable of producing, on 2 larze scale, 211 the latest de-
fense weapons and supply its army in case.oi‘ attacks from without.!

As a result of the successful i‘ulfil'llment of the first Five-Year Plan many

branches of industry were reorganized. "'s';Je never had an aviation industry, but we

hava one now!" pointed out I.V.Stalin in h:{s paper on the results of the first Five-
Year Plan during the joint Plenum of the T:sk and Tskk VKP (b).

The coming years were years of unbroken growth of the strength of the air fleet
of our country. The Soviet aviation indu:!stry produced first-rate aircraft, equipped
with perfected instruments, guaranteeing il‘hgh s of long distance under complicated
weather conditions. In 1935, Soviet Aviation was equipped with new high-speed air-~

_Jcraft of the monoplane type, whose flying'spzed was increased by 30 - 40%. The air-

craft were equipped with radio-engineering devices, intended for securing flight con

T R R S R SeR YN A £07, 0 "y

trol from the ground by radio and accurate aeronavigation.

"y

In the creation of radio—engineern‘_ngiequipment of contact and zeronavigation,

T e 12 fam Dty Bl sund sbstue baiialat, S ¥ S oy a5
b
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a large group of Soviet scientists, desig;':Lers and engineers did successful work:

M.A,Bonch-Bruyevich, A.I.Kovalenkov, B.i.Vvedenskiy, N.A.Korbanskiy, V.V. Shirkov,

and many others, i

R TN s

By the end of _|.935 s Soviet aeromv:v.gaulon had achleved great success. Compli-~ |

mson s et - ——— —_ }

| l
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~] cated flights were no longer the accomplishment of a few individuals, but of entire

_l detachments_and_units of_the .Air_Eorce._J?he_cideian_air_leei_changed_tn.regula.ﬂ:;

P

4
_:scheduled flights, by day and night under‘dii‘ficult weather conditions.

Paying special attention to the development of aviation in the country, the
Communist Party and Soviet Government set'the Soviet flyers the ambitious goal: nTo
fly farther than anyone else, faster than anyone else, and higher than anyone else't,
The fulfillment of this task, was excellent training for preparing highly qualified
cadres of Soviet airmen and navigators. ‘%’he application of new methods of aeronavi-
gation opened new perspectives and securecl_i long-distance flights, by dey or night
under complicated meteorological conditions. .

In those years, the heroic flights o}’ our aviators followed in quick succession
clearly demonstrating the maturity of Soviet aeronavigation.

On 20 July 1936, a crew consisting oii' the pilots V.P.Chkalov and G.F.Baydukov
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and navigator A.V.Belyakov completed a heToic flight over the route Moscow — Franz

—{Josef Land - Severnaya Zemlya - Bay of Tiksi - Petropavlovsk Kamchatsky — Island of
ZO— Udd. In 56 hr 20 min, the crew flew 9374 km under complicated meteorological condi-
31- tions and successfully landed on the Islar:1d of Udd (now Chkalov Island).
36__—_—_ -On 18 June 1937, the same crew started a flight over route Moscow — North Pole
38—:U.S.A. After 63 hr 16 min, the aircraft ANT-25 (TsAGI-25) safely landed on the

J T g L RO
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40 Portland (U.S.A.) airport, having covered|a distance of 9130 km, including 5900 km

over oceans and ice.
®

In less than a month on 12 July ].937,l a second crew, consisting of the pilotis

,.M,Gromov and A.B.Yumashev and navigator 'S.A.Danilin flew over the North Pole.

PR U AT NP K DUV e T

|For 62 hr 17 min, the aircre.ft_ flew on a s;traight line 10,200 km and safely landed
in San Jacinto (Ca]ifomia). And a new wcirld record was established for length of
flight. ‘

Shortly bezore these fllghts , on 21 hay 1937, a br:.]J:Lant flight of heavy air-

craft was carr:.ed out over the IIorth Pole , under the leadership of navigator

e eem v —— et e
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I.7.Spirin. 1In all those flights, all achievements of Soviet aeronavigation were
skillfullv used, including all radio means and aviation astronomy.

The rear 1938 brought new victories to the Air Fleet of our country. bn 27 June,
pilot ¥.K.Kokkinakiy and navigator AT Brrandinskiy completed a nonstop flisht from
Toscow to Spassk airfield in the region of Viadivostok. The aircraft was in the air

for 2L hr.36 min, covering a distance of
over 7600 km over the Tayga under compli-
cated meteorological conditions. In the
sane ear a nonstop flight over the route
}oscow - Far Dast was completed. The crev
consisted of V.S.Grizodubov, P.D,0Osipenko,
and 1.1 .Raskov. With the aircraft "Rodina"
heroic Soviet women pilots flew on &
straight line 5902.61 km in 26 hr and
29 min and established a new international
women'!s record for long-distance nonstop
flights.
Those and many other flights of
A.V,.Belvakov
Soviet pilots graphically showed to the
entire world the strength of our Air Fleet, re-armed by modern technology in the
vears of the first two Five-Year Plans, showing the triumph of advanced Soviet aero-
navigation.

In the vears of the prewar Five-Year Plans, considerable attention was paid not
only to the mastering of cross—country flights under complicated meteorological con-
ditions, but also to landing at low or zero visibility. In those years, great
achievements were made in equipping aircraft with special instruments, as well as in
working out of methods for utilization of these instruments.

A1l the important prewar experience in aeronavigation was published in the late
STAT
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Thirties in manuels and instruction books) which gave the orders and rules of aero-

lnavigation, tested by actual experience... :Special mention_snould be mede of the

i\eronavigation Manual? published in :L937.l
The papers by B.V.Sterligov, N.F.Ku ryavisev, N.K.Krivonos, R.V.Kunitskiy,

1.P.Sergevev, M.F.Gorshkov, V.Yu.Polyak, .V.Shirkov, B.G.Nemchinov, Ye.P.Titov,
M.A.Nosov, B.G.Rats, and others contained ‘solutions to all the basic problems of the

!theory and practice of seronavigation. HNowhere in the world were the following prob-

lems.worked on in such detail as in our country: aeronavigation under difficult
conditions, assembling and navigating of large groups of aircraft of various types,
deviation of magnetic compasses, use .of radio-engineering means and astronomical de-
vices for aeronaviéation, accuracy of navigational measurements, and many others.

- The Soviet people, under the leadership of the Communist Party, successiully
fulfilled the prewar Five-Year Plans. Asja result, our aviation had first-rate air-

craft, equipped with perfected navigationdl instruments, at the beginning of the

Great Fatherland War. Soviet Aviation had furnished the socialist Fatherland and

Commmist Party with highly quelified cadxl'es of pilots and navigators, excellently

trained theoretically and practically. !
Defending the honor and independence of our Fatherland, the Soviet aviators in

the years of the Great Fatherland War flew combat missions by day and by night, at

various times of the year, under complicated meteorological conditions, dropping
their lethal load on the fascist inhabitants.
Many navigators, familiar with .advanced techniques and being masters of accurat,

aeronavigation excelled in the combat activities. These included the officers

S.M.Romanov, S.I.Kulikov,V..Ye.Sharape, S.F.Ushakov, M.S.Kozhemyakin, V.G.Pavlov,

G.P.BEvdokimov; F.S.Yalovoy, N.A.Gunbin, Ye.I.Kabanov, G.S.Demidov, and many others
i .

honored with the title of Hero of the Soviet Union.
‘ ) 1

I
The brave navigator V.V.Sentko who completed 500 combat missions deep behind ‘

the enemy lines was twice awvarded the medal %Gold Star®.
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‘The Great Fatherland Var confirmed the fact that Soviet aeronavigation is the
most advanced in the world. The problems of the theory and practice of aeronaviga-
tion worked out in the prewar period were further developed during the combat actions
of Soviet Aviation and on the battlefields of the Great Fatherland War. From year
to vear the navigating skill of our aviators improved, the incidents of loss of ori-
entation decreased, and the accuracy in aporoaching barely noriceable targets on the
battlefield increased. The Soviet navigators were highly successful in guiding com-
bat aircraft onto military objects deep behind the enemy lines.

Noting the mastery, the unequaled valor, heroism, and courage shovm by Soviet
aviators in the combats for the honor and independence of our Fatherland, the

Commander-in-Chief I.V.Stalin in his order
No.152 on 20 August 194}, said:

nThousands of remarkable airmen, navi-
gators, and aerial gunners constantly in-
crease the success of our Armed Forces and
are smashing the enemy on land and in the
air.m

In the rears of the Great Fatherland
War, our aviation successfully inflicted
mass blows on the enemy. In these mass
attacks by large aircraft formations, -the
navigating service faced especially com-
plex problems. Assembling of large forma-
tions in the air, controlling aeronaviga-

V.V.Sen'ko

tion from the ground, organizing accurate

(according to time and place) coordination of various types of aviation and ground

troops, providing Z0S (flight service) for the rapidly fluctuating flight zones, or-

ganizing the shifting of air unit and formation bases - all these problems Were et

12
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cessfully solved by our naviga}.ing service.
_____Tn solving_these.problems_and subse ‘entlpim_the_mriher_dexelopment_.oi_the__
|

theory and practice of aeronavigation, suc‘:cessful work was done by the following
\

Soviet air navigators, the generals and oificers: B.V.Sterligov, Ye.P.Titov,
M.Kh.Gordienko, I,P.Selivanov, P.F.V'.ladimlirov, I.I.Petukhov, L.D.Goliadze,
M.N.Galimov, M.N.Morosanov, G.I.Chitayshw’lili, D.H.Petrenko, and others.

Soviet aeronavigation has developed under conditions of an advanced social and
political order, which opened undreamed pqssibili'hies for the development of science
and technology, for the creative toil of the entire nation. The constant atiention
of the Communist Party and Soviet Government to the problems of aviation secured
speedy development of all aviation sciences, among them also aeronavigation.

The theory and practice of aeronavigation was developed in our country not by
Just a few individuals,'bu‘b by the widest circles of Soviet people -~ scientists and
engineers, designers and'inventors, militdry teachers, pilots and navigators, brought

up in the spirit of complete devotion to our Motherland, the Communist Party, and

®

Soviet Government.
The development of aeronavigation always was and is carried out in unison of
theory and practice. As opposed to the navigator expert (navigator) in U.S.A, avia-

tion and in other capitalist countries, who know only the control knobs of the in-

struments, the Soviet navigators are highly qualified specialists, well-trained

builders of the Communist society, well versed in technical and tactical problems.

Many navigators and pilots in our Air Force have a higher navigational education
’ {
which they received in special Soviet leili‘tary Scientific Institutes.
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Durir;g the Great Fatherland Var, Sovi‘et aviation was severely tested. Its
cadres grew and were reinforced. Under tl?e leadership of the Communist Party, Soviet

aviation honorably discharged its debt to:the Motherland, and came out of the war,

e e e S

1
as did the entire army, stronger and hardened.

- e A

;
In the postwar years, Soviet aviators achieved new successes, they mastered new
- ]
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laltitudes s distances and fl:;"_ng speeds. Aviation tecmiques, in a qualitative re-

| spect._had been._considerably. modernized,.. and_therefore_require detailed study and cons:

siderable knowledge for their full uti]izall.tion in flight. New problems are appearing

in a1l fields of aviation sciences, including the field of aeronavigation. Some

problems have been worked out in detail in the past, applicable to the technical
|

means of that time; with the appearance of new techniques, they now require revision

B ot o g3 A7 St < o I
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This holds true in all fields of our activities. The development of aeronavigation
also requires a thorough study of obsolet? conditions and their replacement by new
ones. ) i
Under present-day conditions, a dif?%rent solution is réquired of the problems
of group assembly, selectlon of routes, methods of control, 1mprov1n5 the means un-
der various flight condltlons, and guldln% the aireraft to its targets. All of this
should provide a successful approach to'sélving the problems of aircraft guiding br
radio,

As aviation sciences and techniques Aave achieved new quaiitative higher levels
of development, the problem of working out the theory of complete utilization of all
aeronavigation means, available to the créw, becomeé especially important, including
their use under various flight conditions.

The complexity in applying all technical means of aeronavigation is due to the
character of the devices themselves, which with every year become more perfected and|
therefore more complicated. lMany of the contemporary means of aeronavigation cannot
be referred to any one category. They themselves represent a complex of various
mechanism uniting, in a single unit, radi?technical and electromechenical, optical
and mechanical, magneto-mechanical and radiotechnical instruments. Thus,.complete
utilization of mechanisms varying in theif principle of action, is decided already
in designing modern aeronavigation device%.

The complex use of technical means of aeronavigation is based also on the natur

of use of many means, on-their usefulness for an aircraft crew in solving a given

STAT
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problem of navigation of the aircraft. For instance, after referring to the compass

____r_u_ng_glven by the ground ¢ direction i‘:__n&er, the crew, in order to reach the direc-

"1tion finder, takes a course according to he magnetic compasse. The crew determines

the heading of the further flight accord:ng to the magnetic compass only when the po

{
_lsition of the aircraft can be determined va.sual_'ly or by any other method. So as to
take a radio bearing with the help of the airborne radio instruments, the navigator
_|should at the same time define the angle of course of the radio station on the indi~

and the direction of flight of the alrcravt on the magnetic or astro compass.

'

finding the line of the aircraft pos:Lu.on with the aircraft sextant on the

sun, the navigator will fix the position cl)f his aircraft by finding the second posi-
. |
tion line by the aid of another method — for example, by a radiotechnical system.

__|After 1oca.ting his position by the aid of!astronomic instruments, the navigator finds
| :

the altitude of flight on the barometric altimeter and the speed, on the air speed
indicator.
In this way, the crew of;‘ an aircraft,; after mastering the art of aeronavigation
is making use of the various complex techr'lical means, because only then will it be
__|able to fulfill the navigational requirements and complete a flight along a given

__|route.

Finally, applying all technical aeronangatlon means, the crew should skillful-

1y choose the proper device or devices, d%pendlng on the condition of flight, the

|
mission, and the set navigational circumstances.
!
The historical decisions of the Nineteenth Congress of the Cormunist Party of
__lthe Soviet Union opened wide perspectives to Soviet aviators for further development;

of aviation science and technology, including aeronavigetion. This obligates the

Sovict aviator to give all his strength and knowledge to the task of improving the

. i
fighting capacity of our Mir Force, to have it always ready to rebuff any aggressor.
}

e e R SRR TN

2

i e L i L S L

T AT A S I G T L 1 g

}

Declassi i -
classified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/03/14 : CIA-RDP81-01043R003200140002-5



Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/03/14 : CIA-RDP81-01043R003200140002-5

i
RADIOTECHNICAL MEANS OF ATRCRAFT GUIDING

!
Of all means of airplene guiding, radiotechnical means play an especially im- ;

portant role. Based on the general means, of airplane guiding, as md_.spensable ;or ;
i

any flight, radiotechnical means permit a::.rplane guiding under complicated meteoro- :

" | logical conditions, both day and night.

Radiotechnical means of airplane g\.u.dlng jnclude radio beacons, airplane and
| ground direction finders, circular (range f:.nders), and hyperbolic radio navigation-,
"]al systems.
The principal operation of modern radio technical means of air guiding is based;
: on the propertles of directional radlatlorlx, or directional reception of electromag- |

: netic energy, or on radiotechnical methodT of measuring distances.
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_|1. Physical Bases of the Operation of Radiotechnical Aircraft Guiding

|

Electromagnetic energy, emitted by any wireless transmission arrangement, radi-

. . . . . . N . !
ates in space in the form of oscillations or, as it is otherwise called, radio waves.

.

__{Radio waves propagate rectilinearly, with.a speed of nearly 300,000 km/sec. In the

i SRt SRR RN A o Y

raer Sl ~ atem
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property of radio waves to propagate rectlln.nearly and. with constant speed hes the
i

basic function of all radiotechnicel means of airplane guiding. However, there

certain peculiarities in the character of propagating radio waves, wnich depend

__,th,e.,lgngth,_qi.‘__the_yaves themselves, _ _.

At present, all radio wavelengths are separated into several bands, and it 1
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_Jbeen found that, within each separate bami, the character of the radiatién of radiovﬂi
9 o
-[waves—is-identical.--'l“:- Table below lists the bands . of-radio waves. SR
!
!

Radio VWave Band Wavelength, in m Frequency, in ke

Long waves « « o 10 000 ~ 1000 30 - 300
Medium waves « o 1000 -|- 100 300 - 3000
Short waves o o 100 -‘.- 10 3000 -~ 30 000
Ultrashort waves 1

(Meter, Decimeter, :
Centimeter) + « « from 10 m to 1 mm| 30 000 - 300 000 00O

The features of the radiation of ra o waves of different bands are the follow-.

long waves radiate along the earth's ‘surface, bending around it through arcs of

. 1
Great Circles between radio transmitting and radio receiving stations. The exten—

sive absorption of electromagnetic energy ]by the earth requires powerful radio trans

mitters, so as to guarantee a large operaf,ing range for the long waves. The advan-

i
tages of long waves are: their propagation over comparatively large distances (whic

is especially important for the purposes of airplane guldlng) and the negligible in-
I
fluence on the path of this propagaticn by! various kinds of obstacles (mountains,

rivers, etc.) and changes in meteorological factors, depending on the range of the
: |
cause and especially on the time of day ar}d year.

Medium waves radiate along the earth!s surface over small distances. However
' ’

L NI AR e g SR K T R T, A TTIAL O AT

they possess the charac.teristic that almost without loss they are reflected from the'

T T Pet s 0% s R ¢ EPion sl o A A0 Y & NS 2

top layers of the atmosphere and return ’t.o the earth?s surface at considerable dis- i

w4 TE S

tances from the radio transmitter. This makes it possible to realize a greater
. i |

range of operation, using less powerful radio transmitters.

{‘"‘”"'Ju’st‘]ike the long waves, the medium radio waves are subject to considerable

i

1
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Tlradio interference. |
9 -
) The ultrashort waves propagate in a.straight line. .._They.are not-able_to bend- _l
4 i
—laround the earth, as are the long waves, and they are not reflected from the upper

6 e e e s

layers of the atmosphere ‘as are the med:x.um .v—avés., b_ut escape into space. However

rithin the limits of a straight line, they possess high stability in the direction

1
of emission and readily overcome various kinds of obstacles.

|
A geries of radiotechnical means of an.rplane guiding is based solely on the na-
ture of radiation of radio waves by an orthodrome. By these means, radio beacons as’

well as, ground and air radio direction finding stations operate.
)

Other means besides this, such as grc;und and airborne radar sets, circular and
{
hyperbolic systems use these properties oli radio waves and the property of their con-

stant rate of propagation. : . .
I
_Radio beacons and ground and air rad:.o direction finders constn.tute groups of a

L T A PSR AT

so-called goniometer system. The prlnclple of their opera.tz_on is based on the direc—

tion of transmission or the direction of reception of electromagnetic energye.
Radio stations with directional transmission are called radio beacons.
Ordinary radio stations - broadcasting stations, airfield towers, etc. - radiate

. |
electromagnetic energy equally in all directions. Radio beacons emit radiation in

rigidly predetermined directions.

Tn receiving radio beacon signals, it is po'-'sn.ble to use the character of these

signals for estimating the reciprocal spacing of receiver and radio beacon, i.e., t oll
!

use the latter as a means of orientation. The work of a radio beacon can be compared

!

to the work of a projector, sending beams :m specified directions.

The directional radiation of radio beacons varrants special forms of r.ransmlt—
i

I i
ter antennas. termas of ordinary radio stations consist of horizontal wire, sus- :
pended at a certain height above the ground, or of vertical masts (Fig.97). Such
t
antennas are known as antennas of the open t; Jpe. Radiation of electromagnetic ener-

- et e b e e e %0 = e amen c——y

—igy through these anuennas is Lopaoaued equallv in a]J. dlrect,1 ons. The strengih of |
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-’recept.cm Qensnds solely on the dlstance between the rc.dlo station and the recelver.I

Q-

..-

!
...i Tt-is -possible to depict-this-by a graphlcal diagram. Lei.the -strength -of re-- i
4 |
—-}cept:.on be represented by long vectors, a.nd the direction between the radio sta.tlon ’
6

and the receiver by an angle formed by these vectors and some elementary straight

line 0B, Then the diagram of the open a.n)cenna.s are represented by a circle, i
’ 1

1

!
i

Fig.97 - Horizontal and Vertical Antennas

a) Tran:?mitter
1

whose center radio stations are located, while the circle itself represents the geo-

!
metric locations of points at the ends of 'the vectors, which give the strength of
: !

reception at the various points. Since f,l;lis strength does not depend on direction,

the diagram of an open antenna is represeﬁted by a circle (Fig.98).

!
The matter would be different if the radio station transmitted electromagnetic

energy across a special form of antenna, the closed type or loop antenna (Fig.99)

If the receiver near this antenna is replaced by one remote from it (in circles)

and if the strength of the signal is measﬁred, it will be found that this force de- :

pends. on the direction between the trensmitter and the receiver. In the direction :

of the plane of the antenna the signal strength will be greatest; it will decrease

i
gs 100 farther removal from the dlrec tion oi‘ the plane ’ and vﬂl become equal to zero |

56 land in the direction pe*‘pend:z.cular to the pla.ne. The cha.n e in the strength of ;

.......-.-1
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“receptlon is graphically depicted in eight views by the diagram (Fig.100). These

i
!
j

.

Fig.98 ~ Diagram Depicting an Open or | Fig.99 - Closed or Loop Antenna

Ommidirectional Antenna a) Receiver

strength, as a function of the angle between the plane of the antenna AA and the di-

rection of the receivers ABC. TFor examp].e;, at point B the strength of reception is

-— —, lone-half ‘t.,he strength and at point C it
becomes one fourth. At point D, at the i
perpendicular to the plane of the antenna, |

—a Ethe strength of reception is zero. This

, gdirectional property of the closed antenna
. :
. is used in the radio beacon.

|
0 Actually, if the signal strength de-

—— . | |

pends on the direction, then it is possible

to determine the direction to the radio

'station and thus use these data for the

|
, 1
. |

Fig.100 - Diagram Depicting Closed

tennas

i

purposes of airplane guiding.

However, a single-loop antenna by itseli‘ permits only a rough determination of

o jthe direction; therefore, the radio beacons use€ a system of two or several loop

s,

t
_ —eantennas.
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Alrborne radio direction finders (auiérﬁé—t{é c'érz;pa.sses)'—a:z?e_u—gézl for determining
i

in the airplane,_the course angle. of the transmitting radio_stations_and_for pilot—_
!

ing airplanes on a continuous angle of course relative to the given radio station.
!

The principle of operation of airbort‘ie radio élir—ection finders is based on the |

ratio of the direction of the receiver to'the loop antenna. The loop antenna (or,

simply, the loop) is described as a conduétor, folded on a self-induction coil of
‘ .

circular or rectangular form (Fig.101). 1If the ends of the loops are coupled to a
|

("antenna — ground") receiver and then tuned

to the radio station, it will be found that
|

theistrength of reception depends on the angle,

|

constituting the plane of the loop in the di-

|
rection to the radio station. The strength of‘
1

recéption is at a maximum when the plane of

the!loop coincides with the direction to the

®

3 3 ‘ rad:i.o station and is at a minimum or complete~
g g ly absent when the plane of the loop is per-

' U l pendicular to this direction.
|

Yo
"
:
L
H
.
o)
3
.
-
e
N

The dependence of the strength of recep-
Fig.10l - Loop Antenna

tion on the angle of the turning loop is de-

l
picted graphically by the vector diagram, 'analogous to the diagram depicti_.ng the

closed antenna (see Fig.100). Thus, when a radio station is located at point A (in

LA R B M L

19
R

|
the plane of the loop) the strength of re<[:eption is at a maximum; at point B the

strength of reception is two times less, ete. finally becoming zero at point D, lo-

ety

cated on the perpendicular to the loop.

|
Thus by obtaining the minimum strength of reception of signals from a rotating
i

loop, it is possible to tell that the radio station, to which the receiver is tuned,

[
——t

is located in a direction perpendicular to the plane of the loop. P

:‘—-‘ If 2n arrangement is set up, permitting the reckoning of the angle between any .

T R S B Sy

© T STAT
}
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<

___-'Eietemined di}r'ection, faf_:a;aixliaié ;‘%——egw—é;ﬁi'f:ﬁe-‘ —iar—lén:.zﬁéiﬁal axis of an air}-):'_a.ne and
2~ !

_.i;he..penpendicular_j:o,,_the loop, then this itself will permit_t,he_dete,mjnatipn of the_!

s a g
e+ o At S

e bemrm st & i e SN

& i
~_course angle to the radio station. However, such an arrangement does not make it %
5% e e

_possitle to determ:ne the direction “in whlch the radio statlon is 1ocatecf." “In order

to avoid confusion in ;letermining the |

direction, the receiver is supplemented

P
IR

with an open antenna of the vertical

type, whose diagram of reception

2 & strength is depicted by a circle (see
=2 . . . !
l Flg.98) and permits -simultaneous re-

ception on both antennas (Fig.102).

f‘ig.loz - Simltaneous Reception with a

! parameters, a summary diagram of the
Loop and Vertical Antenna

]
]
At a proper selection of antenna ‘
1
1
|

* strength of reception is given by the

__so-called "cardioid” (Fig.103) which s:‘unplI determines the direction to the radio ste-
30

—%ion, since a minimum signal (theoretically none) is located in the direction OF.
However the minimum, determined by the cardioid

is i%sufficiently precise., The minimm s:Lgnall

(zer%:) will be found not only on the line OF,

but %a.lso in certain sectors of KOL; therefore,

the E_iirection to the radio station cannot be
1

preclsely defined.

| For a precise detemu_nat:\.on of direction

and location and also in order that the deter-,
Fig.103 ~ Cardioid Pattern !

FooL- mination be derived not audibly but visually,

t

Rl et Th A W

J2

'bhe radio' compass does not use a comparison of the strength of audible signals but a
| .

e

—comparison of the magnitude of electromotive force in the loop and open antennas. ‘
54 .. :

jo
ent b e Smrn o

~—This is produced with the heln of 1nd3.v1dual arrangements (comu tator a.;d«s;\r_“ ::h) in-
56 | .

STATi
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! troduced into the radio compass pickup. ;

::r-——_1n-this-arrangement, signals strike,khe visual indicator,.which.thus indicates.;
4 i

-;the course angle of the radio compass.
I

2

~

The signals, showing the course angle on the indicator, are proporticnal to the

!
magnitude and direction of the electromotive force (emf) whose magnitude is deter-

g e Sl e e s s b

1

Fig.lOL4 - Diagram of the Electromotive Force Showing the

Course Angle on the Indicator
o

mined by a double cardioid (Fig.104). One of the cardioids is positive and the

T

y

g
;
d
;
i
g '

other negative, If this magnitude equals‘zero, i.e., if there are two emf equal in

magnitude and opposite in sign, denoting ihe location when the radio station is

I
situated on the line AB perpendicular to the plane of the loop, then the pointer in-

!
dicating the course angle will give the course angle of the radio station.

R

The principle of action of ground radio direction finders is based either on

T8 -
4
1
i
~z
.5
N
3
L€
-4
4
4
3
3
X
1

e

AT

the directional property of the loop antenna or on the difectional property of a

combination of two or four vertical antenha, so that the antenna array of ground

direction finders is either a loop (similar to a radiocompass loop)or four vertical

-antennas, ettt i A -

STAT!
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_-{— Radio direction finders show greatest arplification with antenna arrays of the |
r,‘__- . ( .
t

&

‘ .
_'second-type,-since-such an antenna has a greater range-than.an antenna .of -the..loop .—

!
—ltype; it is free of errors ascribed to the loop type and possesses greater coverage
b . t

1]

and greater sensitivity. l

For reception with an antenna array éonsisting of two vertical antennas, the
1 .

|7 T

i
o
1 : \ - /,

—— e ——— = .- 7 e e

Fig.105 -.Schematic Diagram of a Fig.106 — Schematic Diagram of a

Goniometer-Type Direction Finder ’ Direction Finder

system is so adjusted that it possesses the directional properties of a loop antenna

|
and that the radiation pattern has eight '.'Lobes , i.e., the maximum signal strength
will be obtained when the direction to the radio transmitter coincides with the

|
plane of the antenna and the minimm (nearly zero) will be obtained when this direc-

!
system is complicated end is therefore usually replaced by two pairs of stationary

vertical antennas (the planes of these pairs are mitually perpendicular) and the-

!

H

' |

tion is perpendicular to the plane of theiantenna. The erection of suclr a mobile l
i

|

direction is determined with the aid of a special device knovn as a goniometer.
i
The goniometer is a system of windings, two stationary (A and B) and one mov-

- . - ——r e ——— —_— - e e o ¢ w ot = e vmmmmeneenn o eteved
d

ing (C) (Fig.105). The planes of the stationary windings are at right angles to |

ST}ATT’i
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1 S —

—leach other and form the go'u.ome

o

- H

—fand-form the rotor or goniometer searcher. Each winding of. the stator_(2) is joined'
S

—ito the pair of vertical antennas (1) , ‘H’hlle the searcher (3) is joined to the re-
6

8]

— In reception with such an array, it is found that the minimum audible signal in
10 .
‘the telephone (5) will occur when uhe of the loop searcher is perpendicular i

i
|
I
lceiver (L) (Flg.lOé) ‘. ) l.

e

L0 was = vrocitAe ped  baaw e
. WIS

Fig.107 - Ground Radio Direction Finder
i X
i

the direction of the transmitter,i.e., it is determined by complete correspondence .
[ ]

between the goniometer searcher and the rotatable loop antenna; consequently, with
!
its assistance it is possible to determine the direction of the transmitter.

Thus, all necessity for a rotating azlltenna system is eliminated; the system is .
‘ :{ replaced by a small rotating coil - the searcher. The goniometer has a scale di-

—-!vided into 3600' since it is knovm that zero on this scale corresponds to North, ro—‘
tation of the searcher determines the bearing of the transmitter.

Figure 107 gives an overall external view of one of these types of ground radio

+
idlrec»lon finders. Ground radio direction finders are used for deoe*'mlnlng, from

B -, [ - . - -

H i
1

"i the ground, the bearing of flying airplanes. ‘

©STAT
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§

“

et

~i The pr:mcnnle of opevatlon of all radar a.nd rele.ted sv_stem; js based on a de- ‘

2 . -

i1'.z=.z.-m3.na.’c,1.on of_the distance_from the radar station to the .alrplaneA.,_In,order_.to_ex—l

et -
b s 4w 0
14

L'
—iplain this better, we will examine its a.pphcau:.on to the radio altimeter. ’}

6t S
The method of measuring - the altitude of a ﬂJlng an.rplane, “based on 2 , method of,

8—

cay
i st Bt st 3 S .
et b e e - (e

will result in significant errors in determining altitude.
!

barometric leveling, leads to a series of discrepancies which, if not calculated, il
Because of this, attempts were made for a long time to design an altimeter on
Co !

some other princidle. In particular
> E

Ch

AR

eltimeters were developed based on the

A L ' .
T I . LSRN SIS e LY

l' principle of echo sounding.

(]
(o]
L

In echo sounding, strong sound sig-

(3]
3}

( nals are emitted which strilze the earth'?s

, surface, are reflected from there, and

| return back to the airplane. In the air
Fig.108 - Schematic Diegram of Heasuring
plane the interval of time bevween the

N e
&

|
the Altitude of Flight l
t instant of sending the original signal l

and the instant of the arrival of the echo was measured. Knowing the rate of difi‘u—’l

%
i
¢
:
;
¢
&
£
1

AT L Nt

sion of sound and indicating the interva.l of time, made it possible to determine the;
duration of the signal. It is obvious that this duration is equal to twice the al-

titude of the flying airplane (Fig.lOB).

o L

, __ at
i H=-.

where H is the altitude of the aircraft;

a is the rate of diffusion of sound;

¢ is the time interval.

f i . .
, .
P Al T DAt L 5 T A et AL IAT S W =3 W R O

However, there were also errors in measuring altitude by echo sounding. These

errors were due to the inconstant rate of diffusion of sound caused by differing

iy —;reverberat:.on from the earuh‘s crust a.nd caused b" engine noise. Cons:.derab'\*'

.

etter
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L

- results were obtained by uslng radio signals instead of sound sig s:.gnals , since the
91 |
-practical rate of diffusion of radio waves is constant and does not depend on the

medium in which they propagate. l

- —— e 0. . - ¢ emces = I

Abasic difficulty in designing a’ radio altimeter is the measuring of the time

|
interval between the instant of sending the original signal and the instant of arri-
val of the echo. Actually the rate of diffusion of radio waves is very great and
equal to ‘ l

R
C = 200000 km/sec,
|

’ I
—{and the interval of time measurement is eslcceedingly small, For example, for measur-

t
§

ing an altitude of 5 km, it is necessary to measure the time interval which equals

—i (derived from the formla) {

FUIVEN

. Ct
H=-=,
2-5

t=2 2 0,000033 sec

P IURIRL PSSR S FR PP IS

i.e., the time interval equals 33 millionth of a second or, as it is expressed,

33 p sec. For lower altitudes, the time interval will be even less, Thus, for an
i

altitude of 18 m (0.15 km) the time interval equals

:,
.3
e
ki
<%
V8
1
b
}

OGOOOO] sec =1 psec .
! .

Of course, measurement of such small intervals of time is not possible and

therefore an indirect method, based on achievements in radio technics is resorted
i

o MR SRR 7 TN 17 I T e P oL AN TaMetri gty o

to.

DY ry
WS e A S b ASUE NlS aD et aes 1y

1
At present, two methods are used: the frequency method and the pulse method.
The radio altimeter based on the frequency method, works as follows: In the
airplane, at a small distance from each other, a transmitter and a receiver are in-

) . . . . i
stalled. The transmitter continually emits radio waves of constant power. However s

the frequency of the transr:nwer, in contrast to a convenulonal transmltter, is not

¢ - e e T e e e

ST TS AW AT L AR P T T T L TR A T e T,

oSt b DAan s T
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constant but rapldly var:.es in the mterva.l between t.he hlghest a.nd the lowest valu

.___..Q..!

~The-receiver, at sach instant, receives two signals. - One .signal-goes--inmediately-—;
through a cable from the transmitter to the receiver, while the other signal is re-

| T

— flected and travels from the transmitter to the earth and from the earth to the
8

10 — transmitter., Obviously, the frequency of each received signal varies, and the dif-!
125 ference in frequency depends on, the inter;val between receiving the original signel
ld-ﬂ and the reflected one, i.e., on the al"itude of flight. Thus, measuring the dif-
16-:; ference of frequency of the received and the reflected signal will yield the alti-
]8__;: tude of flight, which is especially :'_ndiclated by an altitude signal indicator.
Heasuring the difference in the frequenci‘es can be done with such high accuracy,

et e e . v e ard e o ————

that the altitude can be measured with the accuracy necessary for flying aircraft
by instrument, i.e,, with an accuracy of I‘Z -~ 3 me PFrequently, the altimeter cannot '
measure extreme altitudes, since this demlands adequate power of the reflecting sig—g
nal. In general, they are used to measurze altitudes from 1000 - 1500 m,
Measuring higher a2ltitudes requires L. higher power of the altimeter pickup,

|
which necessitates a significant increase in its weight and overall dimensions.

Therefore, the other method for measuring altitude, neamely the pulse method, is

e cegn

gty B e i

preferably used. In this method, the transmitter sends out pulses of constant fre-
!
quency. The pulses are sent at short intervals. In the pauses between transmitting

T ey o b al
53 S Ay A LA TR

|
40 the pulses, energy accumulates in the trar'zsmitter which is all transmitted with the
Mt !

go_| PRLse. :

. 4— Thus, the energy of the pulses exceeds meny times the average power of the

‘6—‘ transmitter. Measuring altitude in this case proceeds from the measurement of the -
406 )

S R 1A R Y (27 SV NI PN
)

SRS SR P e DT s os.

43 lag of arrival of.the echo pulses from the earth in comparison with arrival in the :

receiver of the original pulse. A cathode-ray tube serves as an indicator, whose

| screen shows the direct and the reflected signals. The distance between these sig-

{
Tnals is the measure of the altitude. l
1

The accuraCJ 01 the pulse altmeuer, although o*‘ lower frecuenCJ, s:.cnl;lcan..l\f

STAT
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exceeds the accuracy of the barometric method.

The--radio- altimeter is convenient since it permits, -without-calculation and_.i
]

without supplementary operations, an immediate determination, with satisfactory ac- !

. ' 1

.
Y VO, AU, PP

curacy, of the true altitude of an airplane. Besides this, the pulse radio altime-

l
jter permits judging the relief of the terrain underneath the aircraft; this is im-
[}

portant in flights over unknovm areas. With the aid of a radio altimeter it is pos-
. {

. . . . 1 .
.. sible also to determine if an airplane is flying over dry land, over the sea, or
g0 |
=—! over mountains., !
16 — :

PN B
- N

i

:

I
i
B
¥

Analogous to the radio altimeters are the ground and airborne radar units work-

. f
]
]
i

Ground radar stations are pulse transceivers and serve to discover airplanes
!
while in flight and to determine their bearing and the distance to them. The prin-

ing at great heights.

R——

t

ciple of operation of a radar station is e:malogous to the principle of operation of ;

a pulse radio altimeter, l

By special antenna, powerful pulses of electromagnetic energy, accumilated in

the transmitter over the periods of cessation of transmissioh, are periodically ra-

diated. These pulses, upon encountering any object in their path, are reflected
} .
therefrom. The reflected pulses are received by the receiving station, in which,

AR el Erdtk, ¥ 2w vou. b 4108 1

siwith the-aid of special equipment the intt?rval between sending the original pulse

4 0" and receiving the echo is measured. {

42—- ¥nowing this time interval and the rate of diffusion of electromagnetic energy,

i it is possible to determ;me through the a.slszl.stance of the indicator (cathode-ray

[N I AN ET Y TR WY S T T LT

46—— tube) the distance between the station and the object. The antenna for transmitting
46__] . e i

)
. . . . . . {
43 the pulses is of a special form, depending on transmissions in carefully selected |

|
50 directions, by which it is possible to discover objects and determine their distance,

5o |Rotating the antenna in a horizontal nlane makes it possible to kcuiduct these de-

54 _|terminations in any directions; the angle of turn of the operaumg d.:.rectlonal an-—

R IR o2

s Itenna, relative to the Meridian of 1ts erection site, p°rm1ts determining the 51ze

e

' STAT :
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~‘and bearing of the ob,]ec»s. ;

>

= Thus,-it-is possible to determine the distance and bearing of. objects,_particu~

4

i

——«larl\, airplanes. , l
6 . . . ! !

Due to technlcal reasons, radar sta. tions opera.te on ultra.short waves, ) “which can

(=

fLLLEuJJ

discover airplanes beyond the visible horizon of the station site.

The maximum distance between the ra.da%.r station and the airplenes, across which

ot
o

it is possible to detect an airerafi, is determined by the formala

o

162 D=357VH-+VH,,
18—! - - .

—gwhere H]. is the height of the antenna above the ground;
'U.—J ; 1

Hy is the altitude of the aircraft. The dimension D is measured in km and Hl '
Qe

pac—
4

24— and Hy are measured in meters.

26— - The practical magnitude of D is less and depends on the parameter of the radar

—!station. The pulse method of transmittiné is used because of the small consumption

30: of power necessary to transmit an impulse"of a sufficiently high power, necessary
—| for an adequate force in the echoing pulse.

For example, due to the cons'umption of power of 200 w in the pulse it is possi-,
ble to .have transmitted 100 kw; This als<l> means that the radar station has a smaller
range-and weight than the usual radio station of continuous operation, using con-
tinuous power equal to the power of the pgzlse.

Ground radar stations permit detecti:)n of flying airplanes at considerable dis-

|
tances from its location; for example, according to the derivation of the above for-

mla, at Hy = 10 m and Hy = 1000 m, this d.lstance equals 124 km; at an altitude of

—£light of 4COO m the distance equals 237 km, etc. This distance is the calculated |
distance; .practically this value will be somewhat less., Discovery and determina‘bioni

of the coordinates of the airplane does not depend on the weather conditions and the

{time of day and can functlon at any v151b1h v condltlons.

Ground radar can be used for namgaulonal purpose, inasmuch as it permits

l
STAT
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—! pogition-fixing oi‘ the au-plane. :
9

— The_basic. function of such stations ;LS the desecition of_ airplanes_for seuding_'
4

F interceptors aloft. For this purpose, the radar station (a group of radar statlons)
6. . I I e e e,

—4 is mounted in an area protected from ob;]ects. ‘The radar station conducts observa-
8

l i
tion of the air, i.e., by the indicator of the rotating antenna, it searches within '

the limits of the angle of the guarded sector. The appearance of echo pulses on the
. ]

indicator meens the presence of airplenes' in the air. In the course of several .
1-”1-_.4
—i minutes the angle of travel and rate of travel of these aircrafi is determined on a

—.1
_1! chart and.the course and speed the destroyers mst fl7 for interception of the enemy
l

aircraft is calculated. This course is c?municated by radio to the fighters, after

l
*

which the movement of these enemy a:.rcraft is traced, making (if needed) correc tions

in the course of the enemy. The purpose of the radar station is to help our destroy—
i
ers in locating enemy aircraft. |
The air radar station, which is mounted on interceptor fighters is the same

|
type as the ground radar station, except that it is less heavy and serves for keep-

ing close watch on the enemy aircraft by he fighters. Airborne radar stations are

;
:
'\
}
1
X
3
' €
i
4
3
i

|
: i
ing of fighters in the target area during bad weather or at night, at distances from

’ |

required since the insufficient accuracy of ground rader does not permit the guid-

2 —! which it would be possible to detect the target visually.
a_ 1

40 It follows that the above-described Isystem does not guarantee sufficient ac-

—1} curacy in determining the direction between transmitting and receiving stations.
42__ '

At the same time, the pulse method guarantees very high accuracy in determining dis-
! 1

DELLIITE 3 T TN I S iR S

tance. In view of this, the so-called circular radiotechnical system of airplane
1

guiding was developed. Such a system permits highly accurate determination of the

APPSR SN TR S RSP WP FIRE A T

)’
S Af L S

!
t

distance to airplanes from two special ground radio stations, i.e., exactly as in
determining the position of the airplane. The basic function of this system is its
1

use in bombing ground targets without ground visibility, although it can also be

used for solv1no airplane gulda.ng problens. The 1J_m1t of app]_lcat:.on of "t_.}'le ~s;rs’;fe:m

PRI el 1)
L.

e o T er TREUARE
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— for airplane guiding is given by its hm:l.ted range of operation since it works on I

T e om

re-

=

ultrashort waves which, as is known, are radiated into space in a straight linee---- -*

Hyperbolic radiotechnical systems of airplane guiding also work accurately on

T e e i St = s e e T - = e e e e —e _--——--——-—————-——-——————-.

.ithe pulse method and are used.to determlne from the a:.rplane the difference in dis-

T e e RN

tance between the airplane and two special ground radio stations. If all the points

én the earthts surface, where the difference of the distance to the radio station is:
i
i . . A
a constant quantity, are connected, a hyperbola is forned, representing the lines of

position of the airplane.

Determining the difference of the diétances to two other radio stations pro- |
duces a second line of position which, iniintersection with the first, gives the po—§'
sition of the aircraft. "

The accuracy of determining the posi{?ion of the aircraft through the use of the
hyperbolic system is siénificant]y less ’chan that of determining it by the circular
system, but the operating range is sign_.ficantly greater, since the former system
operates on waves which are diffused beyond the limits of visibility. Because of

this, hyperbolic systems are used exclusively for solving problems of airplane guid-

ing and as a basis for determining the location of airplanes.
The pulse (radar) system includes thé airborne panoramic radar, operating on
j l
waves of the centimeter range. !
}

In contrast to all other ra.diotechnici:al means of airplane guiding, airborne

1
panoramic radar is unique in that it does not require any ground radiotechnical

equipment.

PR L AP 53
> by ot

The system is known as panoramic since it is used to make a survey (see pano- |
i

rama) of the terram over whlch the a:.:c‘pla.na is flying. The operation of the pano- :

ramic radar set is based on the principle of measuring the distance between the air-

R I At

RN

craft and objects in the locality as well as on the intensity of reflection of radio
i
|

The intensity of these waves produces , on the J.ndlcator scone, which is a2

lwaves from the locality and from the objec»s ech01ng radio waves.

TRY TR TSI TR T e SR
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~€cathode-ray tube, conventional representaﬁions of individual objecté—;n the earth's |
2!
‘—%—surface—(lakes,.rivers, cities, bridges, mountains, railroads,. etc. ).and permits ..

& ] ]

6—.% determining the distance and direction ofzthese objects from the airplane.

- Airborne radar thus pé;ﬁits t;.agégafnﬁé;ﬁ1€£zﬁé nigﬁguégientation and orienta-
8.: tion above the clouds; for this reason it'can be used for bombing as well as for air
10:: plane guiding over given terrain, using the characteristics for “radiolocation"

e otk ai—=anit s & EATEn e st 250 202
e b F N P

b by onde Bty 0T beetoK e 00 s e eph aarte ma s

orientation.
2. Radio Beacons

The radio beacon (Fig.109) can operate both in a zone and on a bearing. For
: }

operation in a zone, two loop antennas are used whose plane traverses an angle

weapn g T AL
Au‘i_!m-‘x M L4

TN

S TN e i
»’*&4
. 'i

L oe gan S %
Sr o eas it g

SR

%

U A

Fig.109 -~ Radio Beacon

rog

A

. for operation on a bearing, 16 or 18 loop antennas are used whose planes

U

traverse similar angles. !

Operation of a zonal beacon consists!in the following: Over the lines across i
i |

each antenna, the beacon gives out signal% by telegraph code. One antenna trans- |
mits the letter A, the other H. The signél~strength of the letters A will be greatl
est if the direction beacon-receiver coin;ides with the plane of the antenna, using;‘
4"{the‘signalﬂA,~and lowest (theoretically equal to gero) if its direction is perpen- !

56 !

T TN T S T T R R S S L T SRS A s e

{
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0. T S,

‘! dicular to that same plane. The same statement applies to the stxzengt}?;f the sig-
3 . {

T

|
.'_i.nal-H,_i:.e., each antenna will have its own radiation pattern in eight.lobes.. !
4 ' ]

—-ef Figure 110 shows the pattern of a radio beacon operating in a zone. Along the sides
L S, J

—{ of the diagram are drawn the letters A and H which, l;;— their size, characterize the |
8 .

I
— signal strength in these locations. It is obvious that equally loud signals will
10—

— occur only at the bisector AOH, indicated by letters of the same size.

Practically equally loud signals are located not only on the bisector, but also

i

|

.
PRIV SRR

. |
Fig.110 - Working Diagram of Radio Beacon Operating in a Zone
i

an ] in certain sectors of BOC. This is due tp the fact that the human ear is unable to.

6 perceive the insignificant variations in the intensity of the sounds. This sector
20— 1

48—- is called the equisignal zone of the radié: beacon. Two closed antennas of radio

i '

beacons form four equisignal zones (Fig.l110). ‘
! H

Thus, the angular width of the zone, i.e., the angle through the vertex of the

- . .
[T E PSPPI TIT I BRUTEIOD DR PORYPE SR SPAVIE Ny S S 1)

sector BOC depends on the angles of intersection of the plane of the antenna, nanely

the zone narrower than an obtuse angle, since two of the mentioned zones have an-

1
K
g
t
¥

1
oM

B
TR FRTLR SO TR T N
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0 S -~
iintersects at an an angle below 139°)1.

i a.ngular “Flare of 2 - 39 (the plane of the. antenn
2 '
@ _{while two gphgrs,_._pex_'p'endicul_axi to the first, have & flare of 10 - = 120 (the angle ¢ 0.:-
4]
—, intersection of the plane equals 180° - 135° = 45°). ‘

6 _L____.
¥iide zones (wore than |~ 50) "are not used for airplane gulcﬁ.ng since they do |

not guarantee the necessary accuracy; there*‘ore , only two of four zones are used.
Radio beacon zones can be compared to the rays of a projector. Equisignal zones

indicate a directional fix on the earth!s surface, analogous to '

that possible +rith the aid of beams of a projector. !!
In equisignal zones, the audibility of the signels A and H is equal, while dur-
i

ing deviation from the equisignal zone the.audibility of one signal will be lessened

the signals can be used for
1

ated in the zone of the radio beacon or outside

| and the other jncreased. Thus, the rela.tg.ve loudness of
estimating whether an airplane .is loc

_lit, to the right or to the left. ‘

If an airplane is so flying that the. telephone gives the letters A and H with

equal intensity, then the path of the a:_rple.ne coincides with this zone; consequent—

L
ly, it can be used as Winvisible railstt along which the airplane will be moving from

_| one point to another.

The operation of a bearlng beacon 1s as follows: Along lines through each

of 16 or 18 antennas, the beacon rad:.ates signals in telegraph code. Fach antenna I
ha.s 4ts own definite signal being transmlt*ed over definite time intervals. The i
i
3

rate of transmission is 30 — 60 signals (1etters) per minute. The sequence of trans—

\

e each antenna is a 1oop, at the mement of its transmission,
|

mitting antenna is one hour. This means tha.t 16 or 18 letters are transmitted into

space successively. Sinc

.3t transmits in two directions at maxcimum andibility (1n the plane of the loop) and’
i
in two directions at minimum (theoretically zero) audibility (along the perpendicu-

lar to the pla.ne). Consequently, in 211 there will be 32 directions of maximm

T
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b
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and 32 directions of minimum signals (or 36 direciions through 18 1oops).

e s T e T

e

'.‘-"-“'"*"""_—"’""—"'-"‘*’—" - i - - - - o e e e e -
j In placing the oee.con, the plene of the antenna is rigidly oriented relative
+
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~—to the Meridian of the location. Conse;;uentlj, the minimum and pmeximum loudness of
2"‘ 1
the—si@a.ls will be found by.strict determma.ulon of .the_direction from.the beacon.-|

a_] :

--If a radio receiver is set to a radio beacon operating by bearmgs, 16 or 18 letters:
6.F i

will be heard in the telephcme over a s:mgle interval of t the known loudness of .

the letters will be different, one letter 'm’Lll sound loudest (the plane of its an-
i
tenna coincides with the direction to the'receiver) and one letter will sound least

or be entirely absent (the plane of its antenna is perpendicular to the direction of‘

|

the receiver).
Knovring the location of the radio beacon situated in the plane of the antenna

with refersnce to the Meridian and the apli)ropriate antenna letters, it is possible
through the disappearance of the letters ‘c’:,o determine t:he direction from tﬂe radio
beacon to the receiver, i.e., to determinelz the bearing of the radio beacon from the
airplane, i

S A

peretu p Portrse-uhir Ty g rir-gretngraie 2D et St X ap ey k! 4 -

R ;:i‘\-f

T

RN

. |
Since the plane of the antenna is rigid with respect to the Meridian and forms |

l
an angle of 11°15? (or 10°) then the perpendicular to it is located in a correspond—l

ing arrangement in space. Marking the perpendiculars of any letters not audible in

g+

the direction of these perpendiculars, will give the following scheme for the se-

~
I

|
quence of transmitting letters (Fig.lll).i
|

As is knovn, the audibility of any radio station diminishes as we move away

oap T3 EIL P

|
from it. This also happens in the radio beacon. MNaturally, the loudness of weak
i
signals decreases first and the farther the cbserver is from the radio-station the

:
{
From the above statement it follows uha.t a radio beacon, operating on bearings 3

t

S SRS e T

fewer letters he can hear.

i
¥
%
A
~
i
3
3
2
S
i
b}
‘z .
$
¥
7.
E
3
i
¥
3
2
3
3
3
i
3
1
;
3
I
’
1
M
i3

can be used as a means for determining the line of flight of alrple.nes or as a ;
method of keeping the aircrafi in the beacon or away from it. This requires a de- I

1

termination of the vanishing of letters and an accurate plotting of the line of

i

“bearing of these letters on the chart. l
.

i

The lines received will be lines of the pos:.tlon of -the an_rnlane. In addltion,

~ e -— - — - ———— -—
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lfor guiding the airplene to the radio beacon or away from it, the alrcraft mst be 5

‘7—2

—!-so piloted-that the vanishing letters are always letters-on the line_of.bearing,.co~
4 ! |
--iincidjng with the lines of the set course.
4
By placing two radlo beacons in the zone of fllgh’c it is poss:.ble to use these
}

Tt et A A LR e m e A i »
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o oy rere
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e
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2
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I
i
:
[
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|

Fig.111 - Grid for the Radio Beacon .
t
j

for determining the location of the aircraft. In reality, each of the radio beacons

—imakes it possible to locate the line of flight of the airplane, whose intersection

— gives the location of the aircraft.

3, Airborne Radio Direction Finders

At present, the most prevalent of all airborne direction finders is the auto- .

iHatic radio ¢ompass. 7 - : R R

STAT
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The automatic radio combass is used 1in the aircraft:

1) To determine the course angle of a transmitting radio_station;

2) To pilot airplanes along a continucus course angle, relative to a given

PSRRI R

radio station.

.
i

The first function of the radio compass, to determine the course angle of the

radio station, is used in conjunction with 2 megnetic compass to measure the true

PO

AT Db BBk L3 P, [

Fig.1l12 - Lines of Egual Radio Bearings
i

"y rm e 2

TR

]
a) Line of bearing; b) Line of equal radio bearing
38 |
—{bearing radio station from the airplane. ;

Since radio waves propagate orthodrom'icalily between the transmitter and the re-

= !
ceiver, the direction (true bearing radio station, TBR) determined by the radio com—

g

3
e
{
3
3
i
:
!
[
b
Yol
3 h
H
4
H ¢
3
H
i
i
i
i
|

recsx sl bad g s T,

. |
pass is thec orthodromic (great vircle) direction. i

PO IRV GRSV S .

- The true bearing of the radio statiou is not in relation to the aircraft but in

0

i

relation to the earth'!s surface. If, on the earth's surface, all the points in .f
I

which the true bearing of the radio station is the same magnitude are connected by

' i

a smooth curve, then the curve obtained will be the line of equal radio bearing. ‘

et o ——— .-

This curve has the characteristic that the true bearing of the radio station, at .a.n:{

38

f e e e - e e aaa PRGN

i .'."Tvii.-n T E.-»’.m- r;.mwrm ST AT RIS
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L—itl_‘le bearing «.

~—bearing; 1
)

X .
—Meridian of the radio station.

20

- E
Sh s s e gl

T2

From radio station

radio bearings.

tudes from 0° to 360° are emltted.

the corresponding line

“ .

Kirov - Archangelsk - Ust - Urt.

however, are diff

ZITAP 2

s

e

\a g
N a4 S350 2 S\

Let u® assume, for. example,

g

e e e e e~ 8 o

t
2z lConseoue'zul,,r, the llne of f._'Lgb

Pl

0 e, e courenm e e

[ W AL

""”@

.7

S {5 i)

-iof its points, has the sa.me consta_m, ma.gnltude.
!

————Fjgure 112 shovis a radio station—-located at point Ae — — ————~

—-!‘exists only one point in which the true bearing radio station

By locating these points at ea.c‘nl Meridian and by joining them with an el- :

- For bearings of any magnitude the radio station obtains t

sible, before the flight, to plot lines of equal radio bearings of these stations on

’ i
the chart, which serve for setting the begrmg.
the TBR, the line of flight of the airplane cen be determined.

the true bearings of two radio stations :1.3 d

A model of these charts is shovm in F:Lg 113.

located in Archangelsk, 1s determned.

- If any true bearing « from this rad:.o station is selected, then at each Meridian
!

,..—.—.. ———

(TBR) equals the set .

i

lipse we obtaln the lines of equal radio bearlngs, characterized by the megnitude of’

!

|
' !
f !

he lines of equal radio

t is easy vo undersiand that lines of equal radio bearing merge with the

|
|

'

-1 Thus, a radio compass in conjunction with a ragnetic compass is used to deter- |

mine in fl:.ght the line of flight of an e.:LrDlane.

s it is possible to emit an enormous number of lines of equalt
But since the TBR is deuemlned at the airplane in whole degrees, |
i

it is logical that, from each radio sta.tlon, 360 lines of equal bearing with magni- i

For facilitating the work in the air it is pos-

{
i
Then in flight, having been asagne?

If, also in flight, .

'

s-of equal radio bearing, gives the position of the aircraft.

These charts cover the area of

t

!

etermined, the point of intersection of i
{

ILines o: equal radio bearing, extending across 10°,
: f
ficult to interpolate and their accuracy will lie within the limit

of the accura.cy of the radio bearing.

that in a flight the true bearing radio station,

Th:.s bearmg is J.ound to be eoual to 3200

the alrplane, in ’chls case, ~r.Lll apoear as a

STAT
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~jcurve (1ine oi—‘;qial radio bearing) passing through points -of the location of the
9 ¢ ]

~_:radia station in Archangelsk and designated the numbe: 220°. Tt should. be mentioned
: i

A

SR WD LRI 250 sasn

osggin e S e T i S nd S

Fosforit mr

[
A

‘ L)
t' Kirov™NA 2 Slobodskay ,S
Fanamma 2 X J

BAPTIIIR RLAI R ST S T L TUn s TN [ LA

A

Fig.113 ~ Lines of Equal Bearing on a Map of Polyconic Projection

that, in view of the presence of errors inherent in radio direction finding, we ob-

- ——m i e e —

DBy~ gotting fixes-at one time on-iwo-radio stations and obtaining thus two pc§:'|_ AT
|

'
i
)

- 40~

|
ol
B T e e R P R N G et r e e e Sy T gommter e om Yt 09

..
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/S

—~ition lines, we deuermne ©he Jocation of Tne zir 7"*p_:mi‘.
a 1

lz
!
For. e:cample the true bearing: _Archangelsk radio sj.a.tigr}__o_f_B_lOf’__a_nd_ that of_ _5
Ust—Urt radio station of 39, indicates thau the airplane is located in the area of E

& e -

Kosmin. For a more ‘accurate deternn_natlon ‘of the airplane location it is nééés—s'élr'y"’

f
to get bearings of all three radio statlons. For example, the true bearing of the

]
Archangelsk radio station is 3069, Us‘b—Urt 39° and Kirov 175°., Interpolating by eye,

l

_lye find the location of the airplane in a point at Uransk.
L]

The other application of the radio compass, namely piloting an airplane along

set course angle relative to the radio station, is obtained by the same wide emis-
~ision during flights to the radio staulon.' In flight, when the course angle of the
rad:Lo station is constantly maintained eql‘lal to zero, the alrplane will be guided to
this radio station under any visibilivy cgnditions*.

The reckoning, which is done by the c;ourse—angle jndicator of the radio compass
in general does not actually coincide with the known course angle of the radio sta-
tion, but differs from it by some value, :i. e., the radio compass, mounted on the

airplane, inaccurately indicates the d:.rectlon to the radio station. This difference

between the true course angle of the radio station and the reckoning by radio com~

. f
pass (abbreviation OBK) is called the rad;"Lo. deviation and is denoted by

| 7" A,=KUR—ORK.
o r

! .
This relation is explained in Fig.11h. There are both positive and negative
- l ' .

radio deviation in exdistence. :

=
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Radio deviation is caused by the chenge in direction of the arriving radio

' .
wiaves by the metal parts of the airplane in which, du.e to the influence of the ra-
dio waves, an electromagnetic, force is created. Thus electromegnetic energy, ema-

nating from the radio station and encormassing the-frame of the metal parts of the

—————————————— -

3The radio_ccmpass ia also used,in flights from the radio station, but only when the

56_| girection.finder_ coincides.with the magnetic compass. _

D . . -
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airplane is acting on the frame. Therefofe, the frame indicates the direction of
| the surmary-effect ofthe_electromotive.force, ...In. order_to-determine the actual

course angle of the radio station, it is

necessary for reckoning by radio compass

to increase algebraically the amount of
radio deviation, corresponding to that

reckoning, i.e.,

e o KUR = ORK + A,

Pig.11), - Radio Deviaticn
If the proper meaning of ORK is re-

quired in order to learn the course angle|of the radio station, it is necessary to

deduct the value of A, from the magnitude of KUR

p

ORK=KUR—A,.

"The magnitude of the radio deviation!depends on the distribution of metal parts
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Fig.11l5 - Curve of Radio Deviation (?adio Deviaticn is not Compensatéed)

a) Data; b) Deviation RK of the pilot; c) Deviation RK of the navigator

ALY ]
B ‘o =

. . I . < s .
near the frare of the radio compass, 1.e€., on the type of airplane and the location
? .

!
of the loop on the airplane. The amount of radio deviation changes 2lso according

rto—thecourseangle—of-the radio station,'iue., on the magnitude-of-the angle—of~thq

36 — S
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3
I O st

{ rotating loop. VWhen the depe?zdence of Ap on ORK is plotted graphically, a curve is
_obtained-(Fig.115),- which-is the-cuxve. of radio deviation (analogous-to-the curve of

—! deviation of the magnetic compass). Along the horizontal axis of the graph, the

8—J value of the radio compass reckoning (ORK) is plotted; along the vertical axis, the
10.: appropriate reckoning of the radio deviation (Ap) is shovm. For example, if ORK =
12: = 60° then we have Ap = 90, while if ORK F 150° we have bp = - 7°5', etc,

: The appearance and shape of the curve of the radio deviation in Fig.l15 char-

acterizes, in a general manner, all curves of the radio deviation.
The curve is of the so-called quarter cheracter, i.e., it changes its sign at
each 90° (quarter circle) and has the greatest value at course angles of 45°, 135°,

225° and 315°.

The maximum amount of deviation occurs at 20 - 25°,
In placing the frames of the radio compass on the airplene, a location should

be selected in which the radio deviation does not exceed the above fiéu.re and, if

possible, is within the limits of 100 - 1[r.°.

Radio deviation can be determined on! the ground or in the air.

. On the ground, radio deviation is determined visually or by remote radio sta-

) 36— tion., For visually determining radio deviation, a radio station is required efor lo-

.
byl
|
4
{

L
1+«
o
2
L3
4
13
Y
+
1

3'8: cating the airplane within 2 - 3 wavelengths, by which the radio deviation is de-
4 O—‘ termined. For example, to determine the radio deviation at a frequency of 300 kc

4 2— corresponding to a wavelength of 1000 m, the radio station must be no closer than

44— 2 - 3 km to the airplane. However, it is; impossible to determine the radio devie-
] |

46— tion in the vicinity of power stations (19 Ior and over) since these mey cause errors

48— due to distortions entering the electromagnetic field of the radio station.
1

5 0— The best way to determine radio devi;ation is by using an airfield radio sta-
] ]

tion as the reference point, i.e., measuring the course angles of the station mast ;

-

(210 VIR

52—

5 4— by means of a deviation direction finder and av the same time taking radio compass

5 6"‘ readings. For this purpose, the aircraft should be positioned at various course

[ ]

e CRA L Bl LT L MEE S T Y 22

1

Ty
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[ N i el
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d .
‘

.—‘a.ngles toward the radio station. The 1')051.'t',:l_on1_"1tr of *he aircraft, of the deviation
2—

4_J
_Jtions, Special attention should be paid t;o ensuring that the 0° and 1800 calibra-

5

S, TR DR

Ll b e
e it + e it R AT 1T S ot d KiTe Sein ,(‘~ -
_

direction finder, etc., is _done.as_gn_the_tcigt_ermatlon of magnetic compass devia-

tions on the deviation directi on finder are rigorously parallel to the longitudinal
8
axis of the airplane. For determining radio deviation there mst be no high-tension

10—
—|lines, forests, etc. within a radius of 3 O - LOO m of the aircraft!s point of loca~

L 12

g

tion. Before determining the radio deviation, it is necessary to make a check and

14_]
remove discovered errors in the radio compass, which were created by placing the

16

18-

]
frame outside the plane of electrical sym:{etry of the airplene (usually coinciding

with the mechanical plane of syrmetry) or jby incorrect setting of the frame or by

20_]

both causes at once. Radio deviation mey ibe determined from any course angle.

Results of determining radio deviation are showm in the Table below.

No. of Reading

oo Albb o e s M brm i

10
33

Determining the radio deviation for 2L, course angles forms a radio-deviation

curve just like the curve of deviation of :a magnetic compass.

Unavoidable errors in the process of determining radio deviation give a certain

scattering of points, plotted on a graph, | Usually the plotting of points determines

O LR I A I {
v

the slope of the curve and the curve can be extended by obtaining additional points

pdroaz e s

\without difficulty. A single scattered pcgint has no great significance. Points are

permitted to depart from the middle of thel curve by not more than 1 - 20, If, after

obtaining fixes, it is difficult to plot the curve or if the points deviate from the

V23 MiTe SIS N s

slope of the curve by more than 1 - 29, a |ne*.-r radio deviation must be determined.

! .
Knmring~’c;he—curve~of——radio—de‘riatrion, -it is easy to determine-the course..angle-
56—-Tor~vhe~radio—stawlon;——~For—e,can le,- usm~-the curve of radio- deviation,-derived-in—,
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-

Fig.115, we find

For-ORK_=.70°, we_have

A,=+7% KUR=70°+7°=77°.

ddali
TR . 4 L Y

a Awed Ay

~
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’a.tn o
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36_]

38

40_

42_

4

46

pu—

48

50

52—

54

—these cases, the course angle of the radio station is determined not by direct bear-

To know and to take into account the 'radio deviation is extrermely important; by
1
making a mistake of 1°, for example, an e;ror of 15 km results in determining the lo-
cation of the airplane at a distance fromithe radio station of 500 km. Since radio
deviation may reach 15° - 20°, it is clea? thet, in the absence of a curve of:radiq
deviation or at incorrect radio deviationJ using the radio compass is not only ab-
surd but often unsafe. It is true that, at preseni, radio compass deviation, with
the aid of special devices, is compensated to a lesser degree, but this is seldom

taken into account during the flight.

Investigations have shovm that radioldevieation in the frequency range of the

radio compass is practically independent of the frequencies of the radio signal being

received; therefore, the curve of radio deviation, taken at a given frequency, will
conform to all frequencies of the range of the radio compass. It has been showm
that radio deviation does not depend on tﬁe altitude of fligﬁt; it is knowm that
radio deviation, determined on the ground1 other conditions being equal, is not dif-
ferent from radio deviation determined in,the air. Therefore, radio deviation can
be determined on the ground at any frequency. Sometimes in {light, the position of

a given azircraft, equipment, or armament,:in relation to some frame, may differ from

thet on the ground. In these cases it islnecessary to determine radio deviation in
the air. But such cases are sufficiently rare, and the greatest part of radio devia
tion is constant.

Frequently,. radio deviations are determined by invisible distant stetions. In
1
]

]
ings but by indirect means. To explain the ranner of determining the course angle

54

to the given radio station, we will quote some knowm correlations
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TER = MPR + By dnd TK = MK + My

Then we obtain

KUR = MPR - MK

|
Thus, knowing the magnetic bearing of the radio station in a given area and de-
M 1
|
termining the magnetic course of the a.irp'_}a.ne, it is possible on the basis of this

. . 1 o . .
algebraic difference to calculate the course angle of the radio staiion and, lmow-
ing ORK, corresponding to this KUR, to determine Ap by the formula
o

A_ = - ORK
P KUE{. ORK

e

The magnitude MPR is constant for a given place and a given radio station and

is easily determinable on a m2p of polyconic projection. In order to determine

¢
!
1
L
4
k]
i
1

the MFR radio station at a given location,. it is necessary to draw a straight line
to the radio station at' the point for which MPR is determined. HMeasuring the angle

between the meridian of the given place and the direction (rectilinear) to the radio

s, dApy B A o

station, we obtain the TBR and, deducing from this the meaning of Ay for the given
place, we obtain MFR.

The course of the airplane is determined by the bearing of remote orientation

just as it is determined by deviation of the magnetic compass.

By determining radio deviation in the air a redio station and a line of orien~
tation are-'selected. A distance between *'rhe radio station and the line of orienta-
tion of not less than 100 ~ 150 km is desérable, to have determination of the line
of orientetion coincide with the directiozfl to the radio station.

t

On—days—vhen—the-air-is-calm, -e flight can be made by orientation .intersecting

STAT

T T ST FL’-.W’T”%~7"":(“.!‘:"‘~‘!:W:~T:§‘-‘”§T§ MWINTY T WIRGN
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._.lit with another course. At the.moment of intersection of the lines of orientation

:.the navigator takes a.reading by the radic; compass and the course angle of orienta-
4.-:—.“l::Lon. The received data is processed as shown above.

6--.1 Speéial attention must be given to strict holding to the course. -—'i'i;; ;.::ri)la—n-;
‘8—:% can be guided by an autopilot which can be switched on every time after bringing the
Liqaimmft to a ™working" course, and switched off (for a more rapid execution of °
i?:itums) during turns to new courses.

]
[

a9

16 :Automatic Radio Compass

. The automatic radio compass has a loop which is automatically set toward the
radio station for which the receiver of t}‘xe compass is tuned., The angles of turn of
the loop are transmitted to the pointer instrument which indicates the radio station

angles of approach. ; ) l

— - = Radio deviation in the radio com~ ,
pass is also taken into account auto- !
matically by means of a special
mechanical compensator. Thus, in order -

| to determine the radio station angle

; of approach it is necessary only to

tune in on it and to take a reading on

the dial of the course angle indicator.
Fig.116 - Course Angle Indicator of The radio compass has a receiver,

the Pilot a converter, a loop, an open antenna,

|
I
|
|
i two control panels (the receiver can |
— . : i
48_be controlled independently from two places: from the pilot and from the navigator)
i

1
i

:and two course angie indicators (one for the pilot, the other for the navigator).

30

The course angle indicator of the pilot is shown in Fig.1l16.

52—
s:_|____The course angle indicator of the navigator (Fig.117) is larger than the __

56_!pilot?'s indicator, and its dial can be rotated by hand for setting the t

R R I 2 A R At adid
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0— -
_.; of the airplane.

-.f._____mus,_by_,means_ot__this device it is i;ossible to sum up automatically the radio

0O
-

4l !
_. station angle of approach with true course of the airplane, i.e., to determine the
l

6 1

true bearing of the radio station, ~:

The frequency band of the radio compass constitutes 150 - 1750 kec.

The operating range of the radio compass depends on the power of the ground

—
|

14—
__ broadcasting stations.

radio station and extends to 200 - 300 km_ for homing stations and 600 -~ 800 km for

The control of the radio compass is concentrated in one control panel

(Fig.118). g

For determining the radio station angle of approach is necessarys:
a) To connect the radio compass by turning switch 11 to position MAntenna®h;
' !
b) Verify the connection of the compass by observing whether the green signal

I
light 9 is on; if light 9 does not glow, press control button 12; this button trans-

fers control from one control panel to the other;
c¢) Establish the proper band by throwing the switch (3);

d) Turn volume control governor to its right-hand rest;

e) By rotating the handle of the tuning knob (10), determine the frequency,

ot A L

!
|

u Lew

:tuning it by ear and following the reading of the tuning indicator (5); the moment
38——_ of resonance of the tuning is detemmined £>y the maximum deflection of the indicator.
43: needle to the right; ;
j"“ f) Verify by ear (by call signals);whether the tuner is performing on the
44| '

— necessary radio station; ‘
AO: g) Set the switch (11) to positioni"Compass”;
. 48: h) Take a reading from the dial of ;the course angle indicator - and that

50:wi_11 be the radio station angle of approach.

52: To determine the true bearing of the radio station by rotating the hand lever -

541 e e e e e e ot e+ et e

—ion the course angle indicator the navigator sets against the triangular index the

56 e e e e e
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Fig.117 - Pilot's Course Angle Indicator
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Fig.l18 - Radio Compass Control Panel
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9.
2

4_
‘J' For a more exact determinatior of the bearing it is expedient to determine

[
nsepara.tely the mean values of the magnetic course and the course angle during 0.5 -

- tl O minutes, with subsequent summation of these values,

For a flight to the radio station it is necessary to guide the airplane so that

:‘x'_l

:ipointer of the course angle indicator will be at zero all the time. If the pointer

[y

'

"f deviates to ei’cher side or zero, turn the airplane to that side so as to cause the

2
o

po:.nter to return to zero. !

)

13
__1 The radio compass can be used as an ordinary receiver (for evampls; for hear-
201 '
___ling a radio beacon) For this purpose switch 11 is set in position FAntenna?®
29 l .
—| thereby disconnecting the loop circuit and recsption is obtained only on the
24 :

_tantenna, by ear. : |

oy po

PN R

Conversely, it is possible to disconrf1ect the antenna circuit and effect recep- .
_ition on one loop. This is achieved by th:a setting switch (11) in the position
"I.c;op". .

Reception on one loop is conducted either at considerable static interference
—vith the usual reception on an open a.ntenna, or for auditory direction-finding of

the radio station by minimum audibility. }
38 ‘

| . .
The. rotating of the loop in this case is effected with the help of the knob 6.

|
For auditory direction finding it is necessary to rotate the loop so as to

locate the minimum audibility of the station. For this purpose lever (6) is turned ;

to the left and to the right, gradually reducing its deflections according to the
, !
minimum audibility of the signals of the station. On determining this minimum, the'
fl i

:
'

turning of lever (6) is to be discontinued and a reading 1s to be taken according

to the course angle indicator. X

-Special necessity for direction finding by ear may arise in case of damages to’

_!the open antenna, for e,cample 1ts breakage owing to ice formaulon.

. 56, o e cr e e — .

3

T AR T 63 e T
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;;“ﬂight to the Radio Station
9.

_ If at the terminal point of a flight route there is located an operating radio
4 !

_ station with a frequency lying in the band frequency of the radio compass, then that

[ J0 S

compass can be used to accomplish the s:.mplest “and most reliable method of f]ylng to

o

!

that point-flight to the radio station. {
. . ,
The reliability of the method of flight to the radio station consists in that

the airplane arrives exactly in the area of “the terminal point of the route inde-

!pendently of conditions of landmark visibility. This is a convenient method for
|

use on single seater airplanes. The value of this method lies also in that when it
_l becomes necessary in fiight to turn from Lhe set flight pé.th (for example, to
_ by-pass a thunder storm), the radio compass mzkes it possible to retprn from any
point of such deviation back to the flighj't, path toward the radio station situated
on an airfield, For this it is necessary! only to tune the radio compass receiver
to the radio station and fly the airplane: so that the pointer of the course angle
indicator remains at zerc;. ’

It is important during this to keep in mind, that during the fliéht tQ the
radio station it is necessary to guide the airplane by magnetic compass, since
‘_without this it is not possible to compu‘b; the path traversed by the airplane. The
36: radio compass can get out of order for soxlne reason arnd then, if one does not follow

38—— 1
—Jlthe reading of the magnetic compass and does not compute the course, it is possible
1 .

to lose bearings. [
i
If the terminal point of the flight route cannot be detected visually, when

the flight to the radio station proceeds %.t no ground visibility, the moment of
passing over the radio station can be detiamined by the behavior of the course
angle indicator pointer, which turns 180° at the moment of passage of the airplane ‘
over the radio station.

The electromagnetic energy mdlated by the radio statlon propagates in arcs oi‘

large circumference, therefore the path of an alrplane fly:mg to a radio statlon by

|
i
1
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..1 means of a radio compa.ss mist coincide with a grea.t circle arc, ’ connecting the place

~33£ take-off with the location of the radio station. However, this occurs only in

4_]

-t caJ.ms or during favorable (head) winds., In all other cases, when the direction of

__1 the wind is at some angle to the dJ.recuion of the great circle arc, , the path of the

& -

_, plane relative to the earth!s surface mll not coincide with the arc and will repre~

sent some (radiodromic) curve as illustrated in Fig.119.

12

It is obvious, that the shape and si;ze of this curve depend on the speed of
the airplane and wind velocity and on the. angle between wind direction and direc-
tion of route AB, in other words, it depe'nds on the height of the ratio of airplane
. .speed to wind velocity n = —g- and on the;wind angle €.

Figure 119 depicts the curves of fliéht to the radio station for various
values of n (the wind angle is constant a.nd equal to 60°) and Fig.120 - the curves

Fig.1l9 ~ Radiodromic Curves for Various Quantities n
!

of flight for various values of wind angléa e (nis constant and equal to 5).

I
Examining Figs.119 and 120 it is possible to make the conclusion that the presence ;

S
E
btk M B medla Ve

of a wind increases the length of the route and consequently, the flight time, and :

rsotart
(R TITE I3 A S U LS § TS o B sl i Y, £ ok SOOI TR

- O D ey A e
PR - '
tiie 3 e e LirZin s 2 AN A SV AN A LI P OL LOUSTAL N U S

changes the course oi‘ the airplane (Fig.ll9) The latter is explained by the 01r—

4 cumstance that the axis of the airplane is directed all the time toward the redio

el

.

station (radio station angle of approach = 0°) » whereas the airplane itself moves
i

‘

along a curvilinear path. ‘
!

Such-a-flight -to_the.radio station when the drift angle is not taken into__ .

-

= Tt L e

56_laccount_by the_crew, has.been termmed passive flight.. _. ..

“52_

—— vkt
p———

TL v e m’v'ﬁlw R"~"‘“"" -Z"""‘"'r" m
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The curves depicted :Ln F:.gs.ll9 and 120 ‘indicate that dur::.ng a pass:.ve fhght )

[V

i —i the_airplane arrives_at. the radio station, after having tumed against the wind.

4_
In actual Illght conditions this does not happen. In order to follow exactly along

(=)

€-90°

o

P
(=]

3

-
B

Yot
O

b
(9P

|

Fig.120 -~ Radiodromies for Various Values of ¢
1
|

the radio dromy, it is necessary in the vicinity of the radio station to decrease

N
(o3

NN RSN ERN RN

(2]
t2

1
very greatly the radius of tum (to increase bank up to 70 - 80 degrees and over)

|
which in.practice is impossible, and the airplane arrives at the radio station

without succeeding in turning to the plan%e of the wind,

In order for the airplane to fly alohg path AB (Fig.119) it is necessary to
effect an active flight, i.e., to take into account the drift angle and to guide

36_1the airplane at a course angle equal to

3] |
—] . Radio Station Angle of Approach = 360° ¥ prift Angle
40_

1

where the plus sign means drift to the right and the minus - drift to the left,
i

— t

44 During an active flight the length o{.‘ the path traversed by the airplane is

—

4651 somewhat shortened, and, consequently, the flight time is reduced., However the

—

.43—imain advantage of active flight lies not 1n this (the reduction of flight route and,

I
“J~§ time being insignificant) but in, tha.t dumng an active flight the airplane travels

52— 1along the line of a given route or in :Lts nclmty, whereas the flight along a

- l

5._.5radlodmmy,.leads_sometlmes to considerable deviations from the given route. During

1

56——] and_active flight it_is easier to make a calculation of the Progression by the “STAT

..5_'i3__.
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6.

. plane on the route, this bea.ng an essentia.l requiranen‘b for the crew carrying out a
".gmuwnetugm. . | I

o :
4

Therefore in all cases, whenever possible (when it is possible to determine the

-

€ S

rdrift angle) flight to the radio station should be realized bv the active method

-
) _.fturning to passive fllght in the imnednate vicinity of the radio station.

|

10

—1 Pilots of single seater airplanes, i’ly:mg, as a rule at a short distance from
12t

_-' their aercdromes and not having the poss:.billty to detenn:me dunng the flight the

1-:-..

—'drift angle of the radio station, resort basically to passive flight for arriving
}

14 .
) __{ at the radio station of the landing aerodrome.

Persons poorly acquainted with the radio compass, imagine that the radio com-

20__'Flight From the Radio Station

|
pass can be used during flights from the radio station just as during flights to it,'
i [

that is to guide the airplane toward a target on maintaining a constant course
angle equal to 18C°,

It is to be noted first of all that a flight from the radio station by the
radio compass course angle indicator is i:'npossible and the radio compass in such a

24_1f1light plays merely the role of a directicl)n finder, -

36 The above is illustrated in Fig.lzl.;
— |

38— In this drawing A is the point of departure and B is the terminal point of the
— I
route. The straight line AB is the line of the assigned route. At absence of wind

|
in flight it is necessary for the course of the airplane to be set in position 1

|
with the indicator pointer at zero. At dfzviation of the airplane from the course

—to the right (position 2) or to the left (positlon 3) the irdicator pointer is de-‘
flected accordingly to the right (:mdlcates less than 180°) or to the left (more

than 180°) that is, it gives accurate readings. At the presence of a drift (posi~

tion 4 or 5) the indicator readings will be the converse of the deviation of the

.airplane-from-the-line-of.flight. -Setting the needle indicator on radio station ——

e pa s

)_‘

e_oﬂ.appmach____lSOS,-oy turning the a:Lrplane in the necessary direction - l
STAT

FIPR PR LU TN L SRE NP I

o Y.
SO SO YO =,

| daea b4+ vate
i
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0 —_——

~(according to the reading of the indicator pointer) lead

g1
_1 6 or T. Thus_the_airplane will fly alceng another course. _If the airplane is guided
4.1 ‘

! according to the course angle indicator during the flight from the radio station,

Fig.12l - Flight from the Radio Station
. -

|

then the course of the airplane will fluctuate until the longitudinal axis of the

!
airplane ceases to lie in the plane of the wind. Consequently, it is impossible to

¥

fly the airplane from the radio station by the course angle indicator.

| .
Although it thus is not possible to guide the airplane by the course angle
l

indicator during -a flight from the radio :station the radio compass is used in con-

e ety Cm % 2 ars s e st
B AR O e T T A S

junction with the magnetic compass to control the line of flight, if the flight is
. !

conducted along lines of egual radio bearings.
!

XA o

- During the execution of such flights' it is necessary to select a course
52— '
—: sequence in order to maintain the following equality in the course of the whole

541 . e e e e o
~! flight
5612
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y L ]
IK + KUP=TB8R,
I
where TBR is the value of the bearing from the radio station target point from

which the flight began.

Thus for example, when flying from Nartyan Mara to Salekhard (Fig.122) from
I
the radio station, it is necessary to select courses at which

TBR= IK 4 KUR — 287°.

The flight is carried out in the fol;lowing manner,
; :
The airplane passes over the radio station at TC = 107°.
|
In 5 ~ 10 minutes afterward the KUR 'is determined. If TBR = IK + KUR equals

—| 287°, then the flight is continued on that same course; if TBR is greater or less
% than 287°, then the course is changed (inlcreased if the measured TBR is less than
26: th'e rated TBR and decreased, if it is more). Several subsequent course changes are
20 so selected as to cause the airplane to follow the line of equal radio bearings
ZZ: passing through the target (Terminal Point of Flight Plan, KFM).

- During the execution of flights rmm the radio station it will not always be
34|

—|possible to prepare charts by plotting of lines of equal radio bearings. In such
36

~{cases it is sufficient to measure TBR at target point and to maintain this value in
38 |

—{ f1ight, remembering that during flight frlom the radio station TBR is increased dur-
40_}

— ing deviation of the airplane to the right from the rated TBR (course to be reduc-

i
4
:
k3
3
<
K

42 - ]
ed) and is lessened during deviation to the left (it is necessary to increase the

o N M
2T AT RSN IRy Ve b D L et

course),

T O P E T TRV X TR/ S T

Having the opportunity in the point of departure to pass over a radio station,
., §

it is easily possible to determine the drift angle. For this it is necessary to
fly from the radio station on a course eql'léﬂ_ to the given track course, and in the

course of 4 - 7 minutes to guide the planéa according to the magnetic compass, on

FRRRS , . "
i LN
Y .\'._.s S AR 4F: 12 o2 AIr 2 A Y T
B
!

<
ey

carefully maintaining the tracked course. During this period of time it is

it r 2ty -
NY

e
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..! necessary to determine the radio é%égialna—ri-gie.s' of approach (to take 5 — 10 read-
2 :

_!ings) and then the algebraic difference between the mean arithmetic value of all  _
a4 __-_!\ . H :
_{ course angle readings and 180° will yield[ the value of the drift angle on this

course, with the sign of the difference indicating the direction of drift (plus to
|
i }
_| the right, minus to the left). :

The above is illustrated in Fig.l23.;

|

i
!

Fig.123 ~ Determmining the Bearing Angle From a
' |
Flight over the Radio Station

Detemmining the Position Lines of Airplane

The pmcedulre for determination of t}:xe position lines of an airplane by means
of a radio compass consists in: [
a) Tuning the receiver to the necei:sary radio station;
b) Maintaining strictly the flight course during a half minute (by means of
an autopilot, if possible) so that at a cfalm state of the atmosphere the rhumb card
of the magnetic compass would waver by no!t more than 1 - 29, and at a disturbed

i
condition of the atmosphere the card would waver uniformly in both directions rela-

tive to the mean course; ‘ l

0

¢) On verifying the correctness off the course (having detemmined the mean

course), teking a bearing on the radio station and take the mean reading of the |

magnetic compass, remembering that Pto take a bearing on the radio station™ means

| o ) _ STAT
_58_
|
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. B#to take the mean reading on the dizl of ihhe course- angle irdicatort;

2
d)_Recording_the readings of the magnetic_compass and radio. compass and the

time of radio direction firding; i

6 e SV

e) Advising the pilot of the completion of radio—direction find:mg and of

1
=l

the poss:.bllity of relaxing piloting; howevur, after the radio~direction finding

the course should be strictly maintained in order to have the poasib:.];:.ty of ut:ll%—‘

ing the obtained position lines at the tlme of completing the processing of the ;
_ | results of radio-direction finding; | {
1
f) Performing the caleulations necessary for computing the true bearing of

]

| the radio station; it is convenient to ta;pula.te these calculations:

|

132200 3 N N el LY B A DR

Station

Time
KK
X
KUR
TBR

-

g) Upon determining TBR, on a map prepared beforehand, to locate (or inter—
I

1 polate) the corresponding line of equal radio bearings.

That will be the position line of the airplane at the time of radio-direction

ﬁ.nd:l.ng. {

Ir there is no chart prepared with lines of equal radio bearing, then such a

correspondlng line can be plotted in srbu!.

The bearing line determined by means of the radio compass, we will texm an

: (

orthodromic line stretching from the radio station to the airplane. On standard
. t
]

charts it is depicted as a straight line. In oxder to plot it on a chart, it is 5

N R I R e

54_Jnecessary-to_compute.from.the known .TBR the true bearing of the airplane,.to plot _
— i

56_1this_bearing from the northern side of the meridian of the.radio station site and --
[ STAT
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—! to draw a straight line under fh’ié'migie‘;; this will be the sought for bearing line

on which the airplane is situated. | -
!

The true bearing of the airplane (E;S) for great distances does not equal

TBR + 180°, The value of the true bearing of the airplane is determined by the
formla ) . -

!
- IPS =TBR +180°+5,
- !

—y1ees, the true bearing of the airplane is equal to the true bearing of the radio

.
i

station plus 180° plus corrections for convergence of meridians (o). The correc—
i
tion for convergénce of meridians is ca.'l.clulated by the formula

1
Q—OB\R ﬁ¢,o
The values of longitude included in ;‘o’nis formnla, must be taken in whole de-
|
grees with the rounding of the mumber of minutes to the nearest whole number of de-

grees. For example, if A = 37° 29*, then this must be rounded off to A = 37° but

if A = 37° 31, then make it 38°., Such a! procedure involves errors not exceeding

°5. , t
Ec__mgLL. Ap ™ 37°%; Ae = 30°% Find correction for convergence of

©  —imeridians o-‘.
38 S T D -~
_ ! o = (37° — 30°).0,8 = 5°6.

Example 2, Ap=40°;)\ = 500, Findo

g = (40°—50°) 0 R - - —8°,

i - -

The longitude known as a result of computlng the course is to be ta.ken as the
i

'

f

If the radio station is located east of the airplane, then has a positive sign
{

longitude of the fix.

—and if west then negative.

Thus the absolute value of '0 is added to TBR when the radio station is east of;

-f the airplane and subiracted when west. . :
' : STAT
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0 —— e m ——-
._‘ The process of determining the bearing line is as follows:
2 —

. a)_Calculate as indicated above the true bearing of the radio_ station (TBR);

b) Use the calculated TBR to determine the true bearing of the airplane by
]

e I

the formmla

! .
IPS=TBR+180°4+08 (}p—lc);

c) At the point of location of the radio station on the chart, plot with a
]

‘ protractor, from the north side of the meridian, an angle, egual to IPS and plot

under this angle a straight line from the point of location of the radio station - !
| H
__| the bearing line.

The segment of this straight line inI the area of calculated location repre-

sents the line of position of the airplane.
]
The scale of the chart is selected op basis of the same considerations as

i
those followed in plotting the lines of equal radio bearings.
This method of determining lines of position is less accurate than the method
of lines of equal radio bearings in view of the errors introduced in IPS owing to

lack of knowledge about the exact value of longitude of the fix.

!
i
Detemining the Fix of the Airplane .

|
The fix of the airplane is deteirmined by the point of intersection of two
|

PN Sk S e

position lines. Being able, in the airpl‘ane, to determine the TER of two known
radio stations and having beforehand, before the flight, prepared charts with-lines
| .
of equal radio bearings, we will find the fix at the point of intersection of the
I

two lines of egual radio bearings, corresponding to the received bearings. To in- l

LA TE L S MR e AP O R R YR G BRIV

crease a;:curacy, it is necessary to home im on three radio stations.
Example. In-flight radio-direction finding of radio stations in Kirov,
, 3

Archangel and Ust-Usa. The obtained data is given in the table:

|
;
'

i
i
!
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Station

Archangel Ust-Usa

180 465 . _
Time U - 16 U - 17
KK 42 Lh L2
IX 60 T62 60
KUR 115 2 339
TBR 175 306 39
!
Finding on the chart (see Fig.113) the lines of equal radio bearings, ve use
|

: the computed values of TBR to determine that the fix of the airplane at 14 hours
"|and 16 minutes was in the region of Urans%c.

If in flight the crew lack preflight charts and it is necessary to determine
: the fix by means of the radio compass, théi.s can be done by plotting compass data on
| the chart of bearing lines.

Exemple. In-flight radic-direction finding of two radio stations: Leningrad

O‘p = 30°) and Kazan ()\p = L4°), For the! radio station at Leningrad ORK = 226°;
Ap ™ +5%; for the station at Kazan OFK = 321°%; A, = -2°, The true course at the

| time of ‘the direction finding was 100°.

R

i
i
Approximate longitude of the plane 7\; = 38°,
i
To determine the fix of the airplane‘.
|
1. Find the IPS for the Leningrad radio station

L\ USRIV

ot R, -
TN 1ty W B IR D s 4 erlt
P S N D A N L s 2n TR L X S Fera s R AR

|
KUR = 226° + 5° = 231°%;
t

TER = 100° + 231° = 331%; o = (30° - 38°) 0.8 ~ -6%;

IPS = 331° - 180° - 6° = 145°,

2. Find IPS for Kazan radio station.
: 1

KUR - 321° = 2° =.319°;

TBR = 100° + 319° = 59°; o = (44° - 38°) 0.8 = +5°%;
2
IPS =592 + 180° + 5° = 2u4°,

”

BAPIRE 7 WSS A NP RS <Y - Ve S S RN
PR

Compile it in_a table as followss __._ _._ .

1
.

>

. .
PR

T o B S ASAD AT S P

fheemat e ¥ AU TR

sy N
RS T

R
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Station

Leningrad Kazan

Frequency T 271 - . L58 —';"
Ap ?00 L4°
Time 10 hrs. 20 min. 10 hrs. 21 min,.
KX . 90°
IX 100°
KUR 1° 319°
TBR ) 59°
Ae : ' 38°

)‘p -Ae . +6°

0 = 0.8 (\p - Ac) ' ‘ +5°
IPS mo

o
PR PO PR Sl T PR RT o o o e e

AELPY

3. We plot on the chart the bearing lines of the airplane and at their inter-
| . :
section we obtain the fix of the airplane in the region of Zadonsk (Fig.124).
The accuracy of the determination of'l radio station bearings in flight depends

to a great degree on the quality of guida.ﬁce of the airplane., Therefore at the

H
i A )2443
' %)

! L]

’ i
Fig.124 - Determining the Fix of the Airplane by

Plotting Bearing Lines
f

he w8 AedE
vagenbnt PO At

3 &

|
a) Leningrad. b) Vologda;_c) Kazan; d) Moscow; e) Zadonsk; f) Smolensk; g) Eluz —

STAT

AN 2o L F LTI X T

2 v e o Py LS L TR L~ L T T e R FIT PRI
£ T L T ARG S e N e T ST, FRITUCEN e .
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0

_ moment of radio-direction finding the fiier mmst 2pply all his skill and endeavor,
2— .
—{in_oxder to_keep the airplane on course. . However because of the wavering of the

4 |
___' course it is not always possible for the pointer of the radio compass indicator to

!
1

6 ¢ e et e+ e e = . e

remain Mimmobile" for some time. In these cases it is necessary to average the de-

. ' .
viations of the pointer to the right and left of zero. If the amplitude of oscilla-

tions of the pointer becomes too great, it is necessary to regulate the sensitive-
. .
ness of the indicator. It is necessary, however, not to give the indicator too

14— ‘ .

' 1little sensitivity, since low mobility of the nesdle can lead to errors in course

1% ! .

| an8le reading. f

15 2 !
* Only team work by the crew gives good results in radio-direction finding,

.

therefore it is necessary to give as nmch; time as possible to training in setting

PREREUPLIE S TR0 L S W T ST T

bearings of radio stations. i

Nc?ts. During the determination of 'ciltle fix of an airplane by means of a radio
compass tl;ere passes a certain interval ozfi‘ f:ime between taking the bearing of the
first radio station and the bearing of th!e second, therefore, at the moment of tak-
1ing the bearing of the second radio-station the bearing of the first radio station
actually changes by some value depending on the distance from the airplane to the
radio station, the angle of approach of tttlis. radio station, and the speed of the
atrplane, |

Thus, on plotting on the chart the blearings of the airplane from the first and

second radio stations, we obtain a fix at:fictitious point. This happens in conse~

|
quence of ignoring the so-called Wcorrection for time". This correction if of a
. [}

i
substantial magnitude when the airplane is flying near the radio station and has a
I

considerable speed. The correction reaches its maximum magnitude at course angles
[ 4

approximating 90%. |

In certain cases it may become absolﬁtely necessary to take into account cor-

—1rection for time. For this, the following procedure is recommended.,

_ ——i 1) Find the bearing as usual, buit on the chart transpose the line of the first
a4 N - . '

I

- i
-6k
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e o £ Ao AL, iy S Sl eyt D T s o e i et Fand et e et |

0 . e e —_
—; bearing (or a segment of a line of equal radio bearings) parallel to itself along

" 1the direction of the course of the a,irplaﬁgz_ by the extent of the path traveled by

4 : '
:l the airplane at the time of finding the bearing.
; |

i
second line of bearing marks the fix of the airplane.

2) From the first -radio station get two bearings, one before and the other
! :
after the second station, so that the time intervals between the bearings would be

as uniform as possible and less than one minute if possible and not more than one |

minute. By computing the arithmetic mean of the bearings of the first radio sta- ;
{ .

tion, we obtain its bearing, relative to the moment of homing in on the second mdio’
R
! |
_| station, that is, we obtain the correct fix of the airplane, ’
|

“lGuiding the Airplane to a Set Line of E(pa.l Redio Beorings
For the solving of certain navigatio;'xal problems it becomfs necessary to steer:
the airplane along a set line of equal rallio bearings.
The necessity for this can arise, for example, when it is necessary to fly the
: airplane to a target along a line of equal radio bearing (LRRP) from a radio sta-
: tion located apart i‘rch the aerodrome, or when it is necessary to fly to the radio
___ station from a specific direction not coillcidjng with the basic flight path, etc.

Since each LRRP is characterized by a definite value of TBR, the moment the

__{airplane flies on the set line will be chlara.cterized by equality between the sum of

l
»
|

"I IK + KUR and that value of TBR. Consequently, it is possible to approach the set

LRRP from any course, and then the signal of arrival at that line will be constitu-

“Ited by the magnitude of KUR equalling .

i
|

vhere TBR, is the magnitude of TBR for the set line of equal radio bearing. _
-~ | ; |

34 .Suppose,_f.o,::_example.,_itMis_necessar:y'_ to fly toward an LRRP, characterized by

]

_We find that XUR_= TBR, =

56_| TBR,_=_256%;_and_the airplane course (true) equals 195°.

v oo e aus . - N s
Apreva @.‘ et R e ARl e Mias S ASAT W IR
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0 e - . e e e ——
1 IK = 256° — 195° = 61°. Consequently, flying at a course of 195°, we will be

2 s .

—\situated on the _set LRHEP when on the dial of the course angle indicator (or auto-

4] !

. matic compass) will indicate a reading equal to 61°. It is obvious that if during

6 ¢ S S

a flight toward a set LRRP it is necégs—ax_y to cha.rIge the airplane's course,-'bheh—tl;é

turn to the new course must begin with some lead prediction.

!

. !

Wavering of the airplane on the course makes the course angle indicator pointer
I 0

and the card of the magnetic compass wa.vei-; therefore it is necessary, first, to 1

keep strictly on the course during approach to a set LRRP and, second, to take mean

readings of the oscillations of the course angle indicator pointer and also to con-'

trol the readings of the magnetic compass‘.

I
!

A ground radio direction finder is a receiving radio station, possessing
]

L. Ground Radio Direction Firnders

!

directional properties, and serves for determining on the ground in the location of
|

its site the bearing of a flying airplane.

In Fig.125, at point P is situated ai direction finder, CYu is the true meri-
32_{dian of its site, and at point A is an airplane; AP is the great circle arc (along

34_lwhich electromagnetic energy radiated fmxln the airplane transmitter propagates to-

36_ward the direction finder). The angle between the northerly side of the meridian

of the site of the direction finder and the great circle arc is the true bearing of
. |

the airplane, which is measured by the direction finder.

}
In order to determine with the help of a direction finder the bearing of the
1

airplane, it is necessary that the airplaﬁe?s crew furnish radio signals and the

|
crew of the direction finder station receive and take the bearings of these
!

signals. For this, naturally, the airplane must have a radio transmitter. Since
the bearings are determined in most cases for the benefit of the crew of the air-

plane, then, in order that the results of direction finding can be communicated to !

'

~the-plane,~-the-direction finder or DF station.should possess a radio-transmitter, —.
~ ) |
56 _iwhile the-airplane-must-have a radio receiver. . So, the means necessary for air- o

STAT

e A A At 101 e Gt N e o o n 264 Nt
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. N
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Eplane guidance by means of ground “redio d:z.rectlon , finder st.atlons consist of:

a._In the_airplane - a receiving—send:.ng radjo station; __ ..
b, On the ground — a radio direct:.on finder and a transmtting radio station.

{

Y A
1 f

|
!
|
|

)

1?54'5‘5

P

Fig.125 - Position Line of An Airplane Determined
from a Ground Radio Direction Finder .

For all airplanes, situated on a single orthodromic line, passing through the
: site of the .direction finder, there will ‘i'xe one and the san;e bearing and it will
not depend on the course of the airplane (see Fig.125) hence the reversed situation
wi;ll also hold irue; the airplanes 1ocateél on one bearing, are located on one

—ﬁ orthodromic line. Airplanes situated at different bearings are situated on differ-

' '
R I L T R S e T RTINS

ent orthodromic lines. Thus the orthodromic line that is being determined by means.
'

of the radio direction finder, and that passes through the locus of the airplane
and is characterized by the measured b°ar:1.ng, is a position line of the airplane. ;
Having the possibility to determine mth the help of the radio direction find-

er the position lines of the airplane, n.t is possible to use this for the following
o ;

i

l

54 _lpurposess
56 a. Control of the_course in distance or in direction (along one position ..
’ STAT

i

. 575w T

LR = i~ sl N o v Sepntv pegtae SR O am i
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0
—! line);
2

___! b. Determination of the fix of thel airplane by the intersection of two posi—__

tion lines;

d. Guidance of the airplane toward target area at flight from the radio

l

direction finder. |

. The ovtainment of good results of ra.dlo-direction finding demands precise and
|
*__( smooth team work between the crew of the airplane (radioman) and the personnel of

1€ — ,

_} radio direction finder, and reliable two-way radio commnication, which for simpli-
’ l

' city and conciseness is conducted by a special scheme using the internationally

_| adopted Q-code. The true bearing of the airplane (IPC) is inquired for by the code
l |

phrase QTE and is plotted from the point of location of the radio direction finder

I
for determmining on the chart the position; line of the airplane.

__| the pilot, having obtained the IPC (QTE) can change it by 180° and, if necessary,

|

‘ |

If it is necessary to guide the airplane toward the radio direction finder, i
t

1

introduce corrections for the difference in magnetic inclinations and the angle of

convergence of meridians. ;

{
On charts, being used in air nanga.tlon (scales of 1 : 2,000,000, 1 :

1 000,000 1 : 500,000), it is possible mth sufficient accuracy to compute, that

38
in the middle latitudes at distances of lOOO km and more the arcs of great circles

l

are represented as straight lines. Therefore the position lines of the airplane

|
determined with the help of ground radio direction finders are flattened out into
' |

straight lines on these charts. :

L

In order to obtain position line of the airplane from the radio direction
finder, it is necessary to plot on the ch?.rb at the point of location of the direc-
tion finder with the help of a protractor', from the northern direction of the meri-

dian, an angle the equal true bearings of the airplane, and to plot a straight line

at that angle. This m_ll be the position line of th-e.aliplane at the moment the

-68_
i

)
D pe T b e o e o

T s e 25 et e AR b 2P0

kY

Ag' '

|
|

It
g
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et At i imme e ¢ o e e i b 0 Y

._! airplane broadcasts the signals for direction finding. Aftervards this line is used

ll:.ke _ang_s other position line._ |
| i
Sn.nce the position line obtained on the chart, refers to locus of the a.irpla.ne

at the moment of broadcasting the e signal for radio—direction finding, and since t‘ne
receiving and the plotting of the results of radio~direction finding takes some tlme

(3 or 4 minutes) then, na'burally, it is necessary for exact orientation to take :Lnto'

FUDR TR apry, 3 TV AT

AV E L N ELZRERT S e e

i .
_laccount the progress of the airplane for that time. For this, it is sufficient to

_|increase the air speed of the airplane at the time and parallelwise transpose the

mziposition line to that segment of the path traveled as according to direction of the
18 —- airplane’s coursz. Throughout all that tlme it is necessarw to keep the airplane
20: on a constant course,

Z

&

{

!
Being able to determine the pos:.tlon line of the airplane by one radio direc-~
24
_ltion finder, it is simple to determine the fix of the airplane by the point of*
25 | Z '
. intersection of two position lines from two radio direction finders.

|

For-this it is necessary:
a. To obtain a bearing from the first radio direction finder;

b. To obtain a bearing from the second radio direction finder;

!
c. To plot on the chart the positicl:n lines of the airplane;

d. At the po:.nt of intersection of these lines to determine the center of

3g—

_!the region of the probable locus of the alrpla.ne.

It is necessary to take into account the circumstance, that the bearings are

. |
taken by both direction finders at diﬁ'er‘ent times, therefore it follows that the

1
line of bearing of the first is to be parallelwise displaced in the direction of

{
the course of the airplane by the magnitude of the path traveled by the airplane

during the ‘;'.ime interval between the itwo bearings.

LTy AT S I FLNETS AT

At frequent use of some ground direction finders in a given area, it is éxped-'
' |

'

jent to prepare a chart. The preparation consists of plotting orthodromic curves

5230,

-——i (straight lines on a map of conic. projef‘tlons) from points of locatlon of direction

—— e re e e b e et e b e =

S — ; |
69 STA';'

Leos o o deim St Ve o oo iornim ks 8 € Lo e s St - Ll 3223
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—| finder stations and designating them by the corrcspording ‘mumbers of bearings.
‘ !

2

{_Then in flight the necessity for graphical charting work decreases and the locus of ’

i -

1 the airplane on such a chart is determined fairly simply.
f t

6 H

—

8_.‘ .
_| times joined into groups, consisting of two or several direction finders situated at

10— 1
some distances from each other, a control tower in communication with these direc-

For facilitating the work of the airplane crew, the direction finders are some-

12 — .
_| tion finders and a serding - receiving radio station for commmnication with the

14 ’ . '

 airplane.

18

] At such organization, the data concelmjng the bearing of the airplane is re-
18: ceived from the direction finder at the clontrol tower, where it is processed and

20 are at once conmmn..cated to the airplane ;Lts coordinates. In this case the work of
the airplane crew cons::.sts only in ulqulr:.ng about the geographical coordinates by

the ccde ~phrase QTF, and obtaining them from the control tower.
!
The ground radio direction finder, situated at the terminal point of a

_ | straight-line route, can be used by the airplane crew as a reliable means of con-
trolling the flight path and of accurate fguiding of the airplane to these points.
For this it is necessary to fly the airplane so that its bearings, measured by the
direction finder during the entire flight, are equal to the bearing at the point of
departure. In other words, it is necessalry to fly the airplane so that i‘l;s flight
path coincides with the orthodromic line i)a.ssing botween IPM and KPM. From the

!
point of view of air navigation such a course is the most' advantageous since it is

the shortest. I
|

As is known, during the execution of a flight along an orthodromic curve

. {
(which always happens at very long flights) the latter is replaced by a number of
. t
A loxodromic curve plotted on it, the quantity of which is determined by the con-
- ° i .
gideration that the track angles of the two adjoining loxodromic curves would

differ from one another by a magnitude of not more than 3 - 4°. At the same time
|

the adopted procedure is not to trace the Toxodromic curve, bv.).x’:,~ instead to

STAT
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represent it on the chart by a stralght hne, If the greateSu denat.lon 1 from this

_Laic_r_aigh’r.__line_dops._nop_exceed 5 - 10_km or if_the difference in track.angles at the

[ T

BeREREEN

[}

(]

__| constantly, we will bring it to KPM by the shortest route.

! from each other by 3 - 4° (Fig.126). i

Fig.126 - Preparation of Chart for Flight to
a Radio Dire;ction Finder
g
a) Orthodromy

! ;
ends of the straight line does not exceed‘ 3 - l;°.‘ On conic—projection charts (and !
on the "millionth®) used in air navigation, the orthodromic curve is represented
with sufficient accuracy by a straight lins, therefore the process of mapping on
the chart a flight along an orthodromic c‘}u've consists in plotting a line (ortho-
dromy) between IPM and KPM and dividing i't into segments so that the track angles
of every twp adjoining segments, measured; by the mean meridian of segment, differ

On flying the airplane at these track angles by the magnetic compass so that

in the course of the whole flight the true bearing of the airplane is maintained

!
The moment of appearance of the airplane over a direction finder is determined
; .

1

by personnel of the direction finder by t?e engine noise, and is also announced by

radio by the crew of the airplane. If no'- such notice is received by the personnel |
t .

then the said moment is detemmined accordmg to the change of the a2irplane?s bear- |

During :zood_vlslblllty “the. time. of passn.ng over the direction finder is oo

STAT
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! determined visually. t T

. . | .
! Determination_of the angle of drift_for calculating it on_the_tracking course.

i
\ . B |

‘ ! is performed in the usual manner if the earth is visible and if it is invisible
i

1
3

coursee.

!
i
!
{
A . . e
i | either by pilot balloon data obtained on the grourd or by selection of the tracking

The order of executing an instrument flight to a direction finder is as

+

followss

11:! a. Prepare a chart before the flight; plot a straight line (orthodromy) b'e- '
e -Jl tween IPM ard KPM; divide it into segments and for each segment determine the track
angle; on both sides of this straight l:mle plot also bearing lines, separated from .
the first by 2°;

b. Plot a course equal to the trach angle of the first loxodromy.

c. About 10 - 15 minutes ai‘ter'dep:a.rture, ask ;for a bearing; if the received
bearing equals the set one, continue the 'flight on that course.

Note. Change of course, suitable for transition from one loxodromy to
another is performed at calculated times,, |

d. Periodically, about every 10 - 15 minutes request a bearing; if the bear-
— ing received does not agree with the set !cine., then reverse the course by 15 - 20°

36_1

3 — and watch for a change to the received bearings.
8 !

— If the first course change is too great or small (according to the bearing
| :
readings) change the course again (in the necessary direction) by 5 - 10°. By such: -
" f
successive course changes it is possible to select the necessary course and adjust
i

. I
the travel of the airplane to the set bealring line.

t
During the execution of such a flight the airplane should receive its true -

bearings (IPS) from the direction finder.

The flying of an airplane to a radio: direction finder is often done without

|
preflight charts, especially by the crew of single seater airplanes., In such cases"

JUSEEE,

the flight is thus executed:
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§
: 0| |
1
5 ‘ __j the pilot requests the course_to the dlrectlon finder (magnetic bearing of the radio
- a_l |
“idirection finder, MPR) ; as for the multlseatar airolane, the crew request the IPS,

6t —

_|and the naviga.tor himself computes the ma.gnetic course to the radio dio bearing finder;
-

.

b, Having received this course, the flier sets the airplane on it and main-

tains it until receiving another course; the pilot inquires about another course in
! j

tabout'5 - 15 minutes (depending on the distancs from the direction finder; the ‘
| ;

_lcloser then the oftener the course mst be asked. If the second course equals the ;

first, the pilot continues to hold it, but if they are not equal, then he sets the

| z

airplane on the new course; i o

!
c. Thus, inquiring (pericdically every 5 — 15 minutes) about the course, the
f

pilot flies the airplane strictly on that course until he arrives at the radio

i
‘ {
direction finder. i ) }

The crew of the airplane during work w:Lth the radio direction finder must
relne:nber; that courses (or bearings) rece:}.ved from it refer to the time of sending
the radio-direction finding signals for, therefore it is a.lway_s necessary to take
into. account the progress of the airplane during the time interval elapsing between ;

the time of sending a signal and the time of receiving and realizing the bearing

Fop G VA gt T

:
data. Through non-observance of this, it is possible to commit an error, i.e., to |

relate the received bearing (or course) to the moment of its reception and not to

RSt oo (g ShE

|
the moment of sending the raedio-direction finding signal.

Such errors may be quite important eépecially when the airplane is near the
|

A vt

TN

direction finder and when there is a long interval of time between the above men-
i
tioned momeuts. |

l

During execution of a flight along alstraig}m—line route, the radio direction

A g ag S

finder, estabiished at IPM, may be used for controlling the flight direction.

Executlon of such a flight differs ll’ctle from executing a flight to the iadio

dlrect.lon finder.

Py s Taieem SMXCRE oo

KR S SR T T
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The differcnce between these is this that during a flight from the redio direc-

i
22— “ ] . . !
“_J__tion.ﬁnder,_.the. accuracy of determination of lines of lateral deviation worsens at

4,...
— an increase in the distance i‘rom IPM, and the point of arrival is not recorded by
6 : R e ¢ eee
—J the radio direction finder itself. These’ two circumstances lessen the accuracy of
i
g , ]
_| determining the time of arrival at the target and therefore it follows that the

10 . ' . .
—| changes of bearings are to be watched carefully and the airplane is to be always
12 . | . . .
_) immediately returned to the given orthodromy (flight path) upon receiving a bearing
14 =, . H

_. different from the target bearing.

It is necéssary well in advance of arrival at the target to select the neces-
t
sary course in order to travel along the given orthodromy upon taking drift into

e500  350° r 10° 20°

AN\

i
Fig.127 - Preparing a Chart for Flight From the
|

Radio Direction Finder
|
i

I .
account. Selection of the course is accomplished just as in a flight to the du:ec-l

; !
tion finder. It is especially necessary to watch carefully for the coinciding of e
1

the flight path with the set orthodromy durmg the approach to a target situated a.‘l‘.l
i

a considerable distance from the directiop finder, since in this case a small

change in the bearing of the airplane corresponds to its large deviations from the .

i
target (KPM) ;

It is to be taken into account that at dlstances of 150 -~ 250 km from the

_Th

U S -
- : e F TR T T AR T LT
o amTe M,,._, >y ._,Y—-m;\xu-naa 'F""M" TR T FUAAY CRL AL )
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_tdirection finder, there lies a zone of unstable béarih 25, s "in which Tadio-direction
9
! fi_pding is_either impossible, or involves considemble errorse . __ .. --- S

_.-'—- b g e Y b e,

Control of flight distance is performed either by calculations or by lines of

_| position from some other means of air nav:.ga.tlon. “In part:.cular, it is poss:.ble to
] i

use bearings from other radio direction finders situated on a side of the route.

st B it

-
ansiog) vt

-«
o el

N i e bt it

For this it is expedient to use charts, prepared as shown in Fig.127. On these
charts a series of orthodromies is plotted from a direction finder located at

—" take-off point. In flight, after selection of the necessary course for a flight

N

ref
Py

along a set orthodromy, a side direction finder is contacted for determining the

SCE

,ground speed of the airplane and the .,me "of arrivel at the target point (KPi).
l

5, Ground Radar ! ) i
|
i
|

o

H
N
AE]
.|

|
Ground radar is used to determine the bearing and distance of an airplane at
. !
the point of its jnstallation and so determine the locus of the airplane. In

effect, the determining the bearing of an‘ airplane also determines a line of posl-

tion of the latter, represented by the or}',hodmmy passing through the installation
point of the.radar and the locus of the airplane. On establishing the distance to
the airplane, the other line of position is determined; this other line is repre-
sented by a circle with its center at the‘radar installation point, and radius R,

equal to that distance.(Fig.128). The mtersectn.on of these two lines of position

3
B
R
3.
N
B
3
«i
<
¥
i
9
H
L
Hd
by
]
i
e
z
4

!
definitely represents the fix of the airplane.
!
Being able to determine the locus of the airplane by means of radar, it is
}

44_lpossible, by means of a series of successive points plotted onto the chart, to plot;

R LT 2R S ST

—

46_lthe flight path.of the airplane and to determine the track angle and ground speed

of the airplane (Fig.129). This can be done either by radar, communicating the

prepared data to the airplane crew or in the airplane on basis of data received by

the crew from the radio direction finder about distances, bearings and time mamentsd
!

The—possibilitrof—detemizﬁng the-locus and the flight- path of the airplane—--;

| oion caasn A S AT b 1T 4 Tote o =T T E S dm e LA PSSO RPTPSNr T Sonr - LR S S SRR

SR T AT TN B ST ST VTN L S AT ST AT T
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9
_J_execution‘,o:Lroutine_ﬂights and

0 e m—— e ——— —
—| with the help of ground radar permits employing the latter for controlling the ,

for solv|ing the following air navigation problems: |
| H
' . !

e — - |

North

8.
tation);.

b.
Ce
de

Ge

Fig.128 - Determinmation of i

radar site. ‘
The solving of these
|executed in any visibility conditions,

for executing flights without visible ground landmarks.

T

1 South South

| |

P e e = = e

Fige129 - Determination of the Track

the Fix .Angle and Ground Speed
|

Determination of the fix of the' airplane (reestablishment of lost orien-

Guidance of the airplane to the radio loca.tor;'

Guidance of the airplane to target area;

Determination of ground speed axl'cd track angle of the airplane;

Guidance of the a:lrplane toward a landing airfield located apart from the
!

problems does n;t depend on the time of day and can be

which makes ground radar especially valuable

+

AL

Declassified in Part - Sanitized Copy Approved for Release

@ 50-Yr 2014/03/14 : CIA-RDP81-01043R003200140002-5



Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/03/14 : CIA-RDP81-01043R003200140002-5

N

!

. 24k eiem e .

i )A,Awl(b- »,
o ‘....u, JIRRRAAERE S

e b
3

B S T

CHAPTER V

|

ASTRONOMICAL MEANS, OF AIR NAVIGATION
l

_1le Astronomical Instruments and szocedur:es

‘ i
"' Methods of Applying Them for Air Navigation . %:
1 ]

A basic astronomical aircraft instmﬁent is the aircraft sextant, which makes
- |
it possible to measure angular distances between celestial bodies and the horizon,
i .
i.e., the so-called star altitude (see Section k). If a navigator, using the sex-

__|tant, measures the altitudes of two stars, he is able, upon processing the obtained

4F hpe L 0, M

"|data, to detemmine the locus of the airplane (). In daytime flights, when in the
_|sky for the most part ouly the sun is visible (sometimes the moon), the navigator
can, by measuring its altitude, plot on tllle chart the celestial position line (ALP)

— |
"lof the airplane - a straight line of equal altitudes or a geographic parallel. At

.
D DA A S 00 ) A AL TP

I
the present time, thanks to the high quality of Soviet-produced aircraft sextants,
. i

__{the accuracy of in-flight measuring of sté.m altitudes reaches 3t, which makes pos-!
sible the plotting of the ALP with an ernl)r of about 7 km and the determining of
the locus of the airplane with an error 'of about 210 km.

f

Another astronomical aircraft instrument is the celestial compass, used in

L1 r A SRS ey e e S

. 1
ﬂi‘l].igh*b for solving two important problems: for determining the true course.and for:

guiding the airplane along a set course. fThe Soviet-produced celestial compasses
‘ :
used in Soviet aviation make it possible to guide an airplane in the daytime along

a_set_course with_an accuracy of up 1-2° , which at any. rate_is not below the __m"

_laccuracy_of guiding an_airplane by magnetic compass.

i
|
..'l'l?_

SSATOIRPIYPFE RG-S PRVISUL Y Ie NECLVENRE MPWE, W SETURN XIS HCE > S

PREEIHAN ..;,: T' ;‘Lu'»:. eV TR T ST
i "1 - P
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Flnal.ly, a third astronomical ‘aircraft instrument is the nangator's tmepiece '

| which_mst _be_ of_such_high quality. that_ the _navigator. (if he handles. it properly) .

is able to determine by it the correct tme, with an error not exceeding *5 seconds.‘

The navigator pmcesses s star altztude data by means of ‘an air a‘l.manac
(calendar) and special, small tables. Th'e in-flight calculations performed by the ‘
navigator with the help of the Astronomical almanac and tables are not complex but I
are arduous enough so that even a well—‘briained navigator has to spend 5 - 6 minutesz
_| on completing them. In cases of in-flighrt use of the celestial compass, the navi- .
gator likewise uses the air almanac for n'ecessary calculations.

The astronomical ‘aircraft aids to caflcula’cion include also the aircraft
_ sidereal sky chart with the help of which{ the pilot can ascertain which of the
stal:s will be visible at a particular timé over the horizon and how they are situa-
ted relative to the horizon and sides of g.ight.

The principal advantage of as’cmnomii:a_l instruments is the complete indepen-
dence of their application in flight from: any connection with the ground. The
navigator who is aloft in an airplane, during the performance of astronomical

measurements and during their processing, has no need for radio commnication nor

for ground visibility. This obviates thef fear that may be felt in the presence of
artificially [sic] created disturbances, for example, the interferences during the
use of radic means of aircraft guidance. lThere is only one Mdisturbance® which is
to be feared by a navigator making celestg'.al ineasurements — cloudiness, which might

hinder his observations of celestial bodies.

Another advantage of astronomical instruments is the accuracy of astronomical

determination regardless of the length and duration of the flight.
) f
If a navigator knows how to determine the fix of the airplane on the basis of .

celestf.al measurements with accuracy within 10 lm of his aerodrome, then so can he
|

détexmine it with that same accuracy when' located several thousand kilometers from

the place of take-off. The accuracy of guld:.ng an airplane by the celestlal

|
|
!
i

g : : STAT
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_!compass is Jjust as indenemlent “from the distance between an airplane “and its base. |

‘)_..S

} A serious shortcoming of a.stronomcal methods _of airplane _guidance_is the _ __,

4
'j length of the astronomical measurements and calculations made to determine the fix

of the airplane. To the 5 - 6 minutes spent “on calculations, it is necessary to

1 add the no less than 3 minutes necessary for taking measurcments of two star alti-
1

tudes. However, while the outlay of 8 - 9 minutes on astronomical measurements and

] calculations is a bother to the nangator in an ordinary flight, in long-distance

“:Q ﬂight, vhen a route check need be made no’r. oftener than once every half hour or

g

16
° 7 even every hour, such an outlay of time on determining the fix of the airplane is

fully permissible.

\ .
- ————t ar e b0h 0
ekl A d e ol 008 =

2. The Sidereal Sky

1
In order to use astronomical instruments successfully, the navigator of an

: airplane should know the sidereal sky wel_'ll., and should be able to identify the most

important conste]la.tﬁ ons therein and also the so-called navigational stars, the

| astronomical coordinates of which (altltude ard agzimuth) are given in aircraft
: {

astronomical tables.

Constellations are groups of stars (or more precisely, sections of the
sidereal sky) having more or less cha.ra.ct‘eristic outlines, which were named by
peoples of a.nthulty. For those, who a.rel entering into the study of the sidereal

| sk:y for the first time, it is best of a.ll:for a good beginning to keep in mind the

outlines of three constellations located in various, remote from each other, parts

of the northern sky. The first of these ci;onstellations, called Ursa Major, has a

form characteristic of 2 dipper formed by seven stars differing little from each

T B ol Ao ceed O L L L T I PRI S s,
e oy s

PRI e A R e

lother in brightness (see Appendix, ”S:Ldereal Sky Chart"). The second constella.tion'i
| .

is Orion, in the central part of which are three fairly bright stars situated in a

rOoW Very near each other, and the third conste]_latlon is Cygnus, having the shape

4 . St e
T Ty e

Yool wrt it

: .oi‘..a..cross,_nea;-which_shines. one of .the brlgh est stars of.the nor‘hev'n sky. - Vega

(1t anoing. to.the _constellation. Iyra) e ——-—- o T

| __— STAT:
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Stars usually are divided into stellar magnitude according to their brightness.
_The brightest of the stars are referred to as stars of zero magnitude, the less .

right stars are stars of the i‘lrst magm_tude, the even less bright ones are stars

of the second magm.tude, etc, The faintelst “stars which can be still “observed with

naked eye are referred to as stars of the 6th magnitude. Stars of zero magnitude

are on the average 25 times (approximately) brighter than stars of the first magni-

i

tude; stars of the first magnitude on the average are 2% times as bright as stars
|

of the secord magnitude, and so forth. The two most brilliant stars, Sirius and

'

_1| canopus (the star Canopus-is not visible in the USSR) are even considerably bright-

| er than stars of zero magnltude- therefore, they are referred to as stars having a

(

negative magnltude. In oxder tha.t it would be .possible with the help of these

magnitudes to characterize more prec:.sely‘ the brightness of stars, the magnitudes ]
i

of stars often are given not only in whole units, but also in tenths.

During his initial orientation in th‘e sidereal sky, the navigator naturally
comes to meke use of the star chart and of these several constellations which he
has. already succeeded in memorizing. However, later on he mist give up completely
such a system of orienta:b:‘gon, after having learned to identify the stars necessary
to him, so to say "in person® by their co%l.or, brightness and also by the ;onfigtu'a—
tion of the neighboring groups of other s‘?bars.

‘. Tabls I cites brief recommendations ifor identifying eighteen navigational
stars. In-the first column of the table 'are given two names of these stars, of
which one, standing in brackets, indica.te':s in what constellation it is situated and:

t
by what letter of the Greek alphabet it is denoted in this constellation.

Tab?.e I

i
g

Name of Star i Color - Method of Identification

ISirius - Y thi . — By its brightness and by its
(¢ Canis Majoris) . , positicn relative to the con-
stellation Orion

STAT
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||Name of Star

" Method of Identification

o — —— ——— — —— e - ¢ m——— e ————n —

Vega
(¢ Lyrae)

Capella
(a -Aurigae)

Arcturus
(¢ Bootis)

Rigel
(8 Orionis)

Procyon
(¢ Canis.Minoris)

Altir

1(x Aguilae)
' Betelgeus‘e
f(a Orionis)
IAldebaran

1@ Tauri)

Pollux
¢ Geminorium)

Spica
(¢ Virgo)

Antares
(¢ Scorpii)

Formalhaut

{( « Piscus Australis)

—Pegasus,

By its brightness. Situated near a
small parallelogram of four weaker
stars,

By its brightness. Forms a pentagon
with three stars of the constella-
tion Aurigae and one star of the
constellation Taurus.

By its brightness. Lies at the con-
tinuation of Arc of the tail of Ursa
Major constellation.

Found in the lower right corner of
the constellation of Orion.

By its position relative to the con-
stellations of Orion and Gemini.,

By the stars Vega and Deneb with
which Altir forms an almost Isosce-~
les triangle.

By its light. Found in upper left
corner of the constellation of Oriond

By its light. Near many small stars.
Nearby are located the star cluster
Pleiades.

The brighter of two stars of the
constell~tion Gemini; easy to iden- |
tify by its appearance and by the
constellation Orionis and Canis
Minoris,

Located at the top of an equilateral
triangle formed by it, Arcturus and
star B of Leo. i

By its light and its position rela- ‘
tive to the stars Vega and Arcturus.

Located on the continuance of a
straight line, passing through two
stars of the right quadrant formed
by Alpheratz and three stars of
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“iIName of Star ' Method of Identification

eneb R By the figure of the cc;nstrena‘biori of]
(« Cygni) Cygnus having the form of a cross
. and by the stars Vega and Altir.

5 e Ai A w s lge W Ane

Regulus t Located in right lower corner of
(a Leo) trapezoid formed by four stars of
the constellation Leo.

Alioth i The brightest star of the constella-
(¢ Ursa Majoris) . tion Ursa Major, third from the end
of its handle.

iAlpheratz ‘ Iocated in the upper lefit corner of
(¢ Andromedes) the quadrant formed by it and three
stars of the constellation Pegasus.

Stella Polaris Located in extended straight line
(« Ursa Majoris) extending through the two extreme
stars of the dipper formed by Ursa
I mdoro

rriw .

!
On a clear night it is not difficultito be convinced that all stars change

‘
!
3
3
1
-+
i
H
3
H

their position relative to the sides of the earth, and relative to ground objects.
A more careful study of thic appearance indicates that during this the mutual posi-

. ]
tion of the stars.is not changed, so that the impression received is that all of

1

] :

the sidereal heavens is rotating, as a whole as if the stars were located on the
b

inner part of a huge hollow ball (sphere). It is known that this apparent turning
i

of the starry sky, proceeding from East to West (if you stand facing South) is an
!
illusion actually produced by rotation of "the Earth about its axis from West to

i
i
!
A considerable part of the stars, rise and set with the revolving sky, but

East.

S SR OT SUUIT IW DU SO DS Sr oy SR

there are also many stars which always remain visible above the horizon. Among the

mmber of such stars in the middle northern latitudes are the stars of the Ursa

. rm-'.l.‘u R

Major, the bright star Capella and many others. It is most difficult of all to dis-:,

cover the shift of the Stella Polaris, which describes in the sky a small ecircle

]
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0 .
._: with an angula.r radius within “one degree (whlch is approximately equal to twice the 1

-1 | diameter of the moon). In the center of_ this circle is located a fixed point, _

.|
i called the North Celestial Pole, around which proceed the apparent rotation of the

6 i . ! —_—
entire sidereal sky. l

Besides the stars, in the rotating- sicy there are also found other celestial
objects - the Moon and planets. The planets resemble the stars in appearance, how-
| ever they not only travel like the stars Lmund the pole of the world, but also
shift comparatively quickly relative to tlhe stars through the sidereal sky. This
occurs because the planets are Jocated hundreds of thousands of times closer to the':
_| earth than the nearest star and because they like the Earth itself revolve around
the sun. For aircraft astronomical mea.su‘rements it is possible to use only four of

!
the brightest planets - Venus, Mars, Jupiter and Saturn. The brightness of Jupiter

|
|
|

on the average surpasses several times the brightness of Sirius, the brightness of
 Saturn is near to the brightness of a sta.r of the first magnitude, the brightness
of Venus and Mars varies within great lim!its, it being known that the maximum
brightness of Venus exceeds more than ten'times the brightness of Sirius and the
maximum brightness of Mars is near to the maximm brightness of Jupiter. For
facilitating identification of the pla.net; , the aircraft air almanac contains dia-
grams of their procession across the sky :li_n the course of a year.

!
Even more noticeable than the procession of the planets, is the procession of

the moon rela.tive to -the stars. This occurs because the moon actually moves around

the Earth, circling the Earth once in 27.3 days. Thanks to this, the moon for that

. |
period of time proceeds through the sky and returns approximately to its previous ,

|
location relative to the stars. During an hour the moon progresses along the sky
by approximately the magnitude of its dia.meter.
Tt is much more difficult to rea]ize that the sun also moves relative to the

| '\

stars. Yet this is indicated by the change of altitude of the sun at noonday, pro-

SN O I P A G A1 S A Sk 6,
, e .

ceeding with great predictability in the course of a year, and also by the circum-

i

1
i
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_% stance, that on various days of the year nlght “makes visible different stars. “Thus, ’
9. |
'  in the summer (in. June) we cannot_see the _constellation Orion in the_sky,. since at

4
__L the time the sun is situvated near that constel_’latlon. Contrariwise, in winter

j e

7
(December) Orion is visible very well, whlerea.s it 1s impossible to ses the constel-

8—
lation Scorpion, mear which the sun is situated at that time of the year. It is to

be fimly remembered that the shiftir;g ofi the sun relative to the stars is apparent
i ) ‘
and proceeds because the Earth moves arourd the sun, completing its path around it

|

3. Eguatorial Coordinates [

in one year.

The airplane navigator during the ma.llang of astronomical measurements and cal—i
| culations comes to deal with so-called as‘:bronomical coordinates, the determination I
ot position of the stars in the celestiall dome, similar to the geographic coordi-~ ;
_lnates - latitude and longitude, detemini:lg the location of the various details of !
_| the earth's surface on the terrestrial sphere. We have seen above, that the resem-
blance of the sidereal sky to a sphericalsurface is a consequence of its mode of
_|rotation, but it is also suggested by direct visual perception, since by d?.y as
_lwell as by night, the dome of the sky ran:-inds one of a hemisphere, resting along
_ithe horizontal edges of the earth. At thle present time it is well known, that the
| sun, the moon, the planets and the stars are all located at very different dis-
tances from us. Nevertheless, it is regarded convenient to represent the sky in
the form of a sphere enclosing the ea.r’c,h;I on the inside surface of which all these
celestial objects are situated. In partii:ular, this makes it possible to use this

imaginary celestial sphere for determining the location of the celestial objects by

1E
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J
' {
the same methods as those used for the de"berm:hﬁ.ng location of details on the sur- [

|
face of the spherical earth. ! °
I

Just as geographic coordinates are used for composing charts of the earth's

|
54 _J.surface,-30-with-the-help..of. celestiaL.astmnomical_coozﬂinates. charts .of .the

56 _] sidereal sky.are composed.  Here, necessamly, some of these lines which are repre—-
STAT
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- sented on the celestial sphere in the f;mn—;:f =2 circle, are depicted on the sta:z‘
f, i
_.Lcharts_as._:.traight_lines _or_curved lines other than_circles, _This. must_be re:nemben-

4 \
:{ ed during the ‘study of astronomical coordinates and during comparison of star cha.rts

with the sidereal sky.

Let us examine the star chart placed at the end of this book. In the center oi;

the chart is found a fixed point, not tald\.ng part in the rotation of the stars of

_| the sky - the North Pole of the unlverse.i A number of circles, in the general cen-

ter of which this point is located is a.lled celestial parallels, and the straight

1ines spreading to various sides from the Pole are called circles of declination.

The celestial parallel located at 90° from the Pole is called the celestial equator;
f

It is evident that circles of declination on star charts correspond to terrestrial

_| (geographic) meridians and celestial para}lgls correspond to terrestrial (geogra-
1

phic) parallels.
By using the straight lines and c1rc1es plotted on a star chart, it is possi-

ble to read the so-called equatorial coordinates depicted on the star chart - by
their declination and direct ascension. On the celestial sphere these coordinetes
are segments of arcs of great cirele of the celestial equator and circles of dec—
lination. They have mich in common with geographic coordinates. Declination is
reckoned by circles of declination on bot1‘1 sides from the celestial equator, from

o° to +90° on the side of the North Pole and £rom 0° to -90° on the opposite side.

Right ascension is reckoned along the celestial equator from 0° to 360° (sometimes

|
from O to 24 hours) from the so-called point of vernal equinox, across which the

center of the sun passes on March 2l. 'l’he apparent annual path of the sun relative’

to the stars is depicted on the chart in the form of a circle, the center of vhich

{
|
*

does not coincide with the poles of the eT.rth. This circle is called the ecliptice.

et ——————

}
On a celestial sphere th the plane of the ecllptic inclines to. the plane C of the !

A

T celestial equator ab approximately 23°, 59 S
t.
1

85
|
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,and direct ascension is read like longitude. Knowing this, it is possible, for
]

example, to calculate on the terrestrial chart The declination of the star Vega
L
(a Iyra) which equals approximately +38° and its right ascension which equals
: i
approximately 279° (the preciser values of equatorial coordinates of Vega are:

x
+38° 4L and 278° 50t).. Another example is the declination of the star Arcturus

_! (a Bootis), as plotted on the star chart, equal appmxﬁmately to +20°, and its
right ascension approximately equal to 213° (precise values of these coordinates:
+19°26* and 213°22'). The declinations o!;;’ stars and other celestial objects are
1de;.noted by the Greek letter § and direct %xscensions by the Greek letter ¢. The
| equatorial coordinates of stars change soivery slowly, that for the purposes of
airplane navigation it is possible to consider them constant for the course of a
year. The equatorial coordinates of the ‘sun and planets change much more quicklye
Thus, the change of declination ;:tf the sun reaches %24t in a day and the change of

its right ascension for a day amounts to 59t. The equatorial coordinates of the

moon change even much more quickly. -

r

Neither the declinations nor the nght ascensions of the stars are changed ow-
ing to the rotation of the sidereal sky. lli’he declinations and right ascensions of
ithe stars are changed _ma.mly owing to *l',he| precession of the earth'!s axis, evidence
of which is their slow shift in the sky a.!t the Poles and points of vernal equinox.

’ I
The principal cause of change in declination and right ascension of other heavenly

I :
bodies is found in their shift relative to stars, about which we spoke in Section

|
2. However, in practice we use another equatorial coordinate called the hour

angle, which changes owing to the mtatioi'l of the sidereal sky,. about which we will

speak in more detail in Section 5.

1
!
|

54 _T;;.__Horizontal Coordinates _ _ . __. .;____- —

i

55_1:, As we_haye seen, by using the declination and right ascension of_stars, it .is .
.|

‘/.’ T RN RS TN T B L et L o il sl .
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-

| possible to compose a star chart, which can be used for a long time, since the equa-—

|
_torial coordinates of stars _change_extremely slowly and, especially, do. not depend .

- .
N
. _ L
’,‘. Pt \
b

on changes in the position of an observer: on the earth's surface. But it is Jjust

Sy

this valuable property of theirs that ma.kles useless their measurement for deciding

one of the basic problems of airplane na.vilgation - determination of the fix of the

|
airplane. For this purpose it is possiblle to employ the measurement of the

so-called horizontal coordinates -~ the al:ltitude and azimth of the stars, quickly
14

—' changing with the course of time both om_'ng to the rotation of the starry sky and
18 —

.} owing to 2 shift in an observer?!s posrbn.on relative to the earthts suriace.
18 |
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Fig.130 - Horizontal Coordinates
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Figure 130 depicts a part of a horizontal plane, at one point of which - at

— point B - is located the observer. The line BZ, perpendicular to the honzontal

plane is called the rhumb line (or vertlcal). It connects point B with point 2

called the zenith. Line NS, lying on the horizontal plane, connects the northern

point N with the southern point S. It m?lcates the direction of the meridian of

point B and is called the midday line. A;b point M is located a star, rays from
whose MB str:.ke the eye of the observer. ;If through these rays and through the

rhumb lme BZ a vertical plane be plotted : it will intersect the horizontal plane

along the line BK. Here the position of the star in the sky nay be detemu_ned with'

‘

i
STAT
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0
—!the help of angle 'MBK between the horizontal plane and the direction to the star a and
2! {
che_angle NBK between the direction to the northern point N and the line BK. ._The __
4
.._ifirst of these angles is called star altitude and is denoted by the letter h, and

6. e

—{the second is called star azimuth and is denoted by the letter A, If a star is

8—

—Jlocated on the horizon, its altitude equals zero and if at its zenith, then the

'

altitude is +90° The altitudes of stars situated below the horizon are caleulated _

in the negative. Star azimths are calculated from the northern point N in an east-—‘
ward direction from 0° to 360°. ‘ |

For.deciding certain problems, instead of star altitude it is more convenient .
_ito use another coordinate termmed zenith distance and denoted by the letter z. ,
Zenlth distance is related to the star altltude by the equation of h + z = 90°, from?
which is evident that zenith distance is the complement of the altitude to 90°, In §
Fige130 the zenith distance of the star z equals angle MBZ.

One great advantage of horizontal coordinates is the comparative simplicity of

their measurement. Thus, star altitude can be measured by an apparatus of a com-

paratively simple design' - the sextant, even in flight with a sufficiently high ;
i
accuracy (3 - 4t). It is possible to measure the star azimuth to an accuracy of at
least 1° by means of a deviational direction finder, if the magnetic declination of

the place -in which the measurement is made is known.

5« [The Aircraft Star Chart and Calculations of Astronomical Coordinates on It

Besides the conventional star charts, like the one given in the supplement at

the end of this book, the aircraft star chart BKN is also used in aviation
astronomy. This chart is composed of three parts: the pedestal (foundation) made

i
from thick cardboard, on which it is assembled; a rotating chart of the sidereal i
sky; and movable sheets with a notch depicting the horizon. The center of the re—

'

volving part of the chart (which is also the center of its rotation) coincides with |

‘the-North-Pole. -Circles-of declination are given only for.four.right ascensions - ——
H

56_i02,_90%, 180° and_270°,_The only celestial parallel given is_the-,celestial_equator-.i
= | STAT
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0, ~. —

..J on which is plotted a2 scale of nght ascens:.ons through 10°. The scale of declina-
2—

Ltioms.plotted_on two_circles of_ dechnat:.on also_through 10%, Along the edges’of_

4j the sliding part of the chart are plotted 365 divisions for the days of the year.
6.... These divisions are seen thmugh a clrcul:‘a.r cut made in the reznovab_i-e_sﬁé_et-;— mng
8: thi:s cut are plotted divisions of the hou!rs at night time through every 10 minutes. ‘
Lo On the edges of the oval cut in the movab];be sheet representing the horizon there are;
plotted graduation lines indicating the direction of north, south, east and west

|
points and also - the azimuth scale through each 30°.

|
By rotating the mobile part of the chart, it is possible to combine division
|

of a given day of the year with division of a given hour. After this in the notch

|

|
of the movable sheet of the chart there will be seen a picture of the sidereal sky
correspording to the given moment of local civil time.

Here it is to be kept in mind that local civil time, denoted by Ty, can be ob-

|
tained from the zone time Ty by the folloaliing formla

G @
where A = longitude of locus i
N = number of the hour zone a.ccordmg to which time the timepiece of the

na.vigator is set. ‘
1
- For example, the navigatorts timepiece is set for the third time zone (i.e.,

|
N = 3), longitude of locus (East) A = 2 hrs. 33 min.; and time zone Ty = 18 hrs.

- o o
‘s
AT AR LT AW L Swec TR XN

l
15 min. It is necessary to find local civil time Ty

Solution: Ty = 18 hrs. 15 min. - (3 hrs, - 2 hrs. 33 min.) = 18 hrs. 15 min.

|
-27min.=;=l7hrs.h8m:in. l

st “:' 47 AL W) 2Kl

If the positions of the moon and p1a1;1ets (see Section 6) are previously plot-
| .
ted on the BKN according to the data of the air almanac, then after appropriate

adjustment.of the mobile part of the chart it is possible to. obtain a clear repre-—
sentation of the disposition of these stars on a given day and hour both relative
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to the stars and relative to tﬁé'horiz‘o{la—m_the four cardinal points,

]___ In_addivion_tc its basic_ purpose -_tb_irxiicate a chart of the starry sky at a
. . i

: given moment, the BKN can serve aisc for ;oetter comprehension and approximate read-

ing of the equatorial and horizontal ’Eééi?-i_ﬁ:zﬁés-: T

23

R AT

e e et Rt T C

}
Fig.131 - Calculations of Star Altitudes and

]
Azimuths on a Mobile Star Chart

|

a) Aries; b) Owen; c) Pegasus; d) Cassiopeia; e) Andromeda; f) Perseus;

.-
i TN A e v s s S N R T

g) Auriga ; h) Gemini; i) Ursa Minor; j) Cygnus; k) Aguila; 1) Lyra;
1
[}
m) Draco; n) Hercules; o) Corona Bor!ealis; p) Serpens ; q) Scorpio;
r)-Bootis;_s)_Ursa Major; .t).Leo; u).A Virgo .
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j
PREERP R 0‘} b

n | i
_mehi_sélly_on_thﬁ__BKN_i_t_is__,recpnnnended_.to take a_cord with_a_knot_tied_in it and _,

4
to stretch it across the chart so that it passes between North and South points.

..i In order to plot the readings of "'ché:;o_c;xd_in_a_tés'af stars more easily and
2

6

8—

The knot of the cord must be placed in the oval notch of the horizon, whereupon it

will be the approximate indication on the{ chart of the location of the zenith Z.

The line, along which the-cord passes on the star chart will represent the so-called

o3 o o

e e
L A i

celestial meridian, the plane of which coincides with the plane of the terrestial

Y

meridian., Beside passing through the points N, S, and Z, the celestial meridian
passes .also through the center of rotatiox? of the chart, that is through the North
Pole, denoted by the letter P (Fig.1l3l). !

Bring thé star chart into the position at which the 20 July calibration (on

l
its mobile part) coincides with the calibf'a.tion of 19 hrs.30 min., (on the removable -

leaf). Having glanced at the chart, we see that the Ursa Major constellation is
situated not far from the zenith, in the southwest direction from it; the constella-
tion of Cygnus is situated above the East|point, and the constellation Bootis is in
the southern part of the sky, etc. In orxder to calcuvlate on the chart the horizon-
tal coordinates of any star, for example, Arcturus (¢« Bootis), we proceed as

|

. follows: Take a second cord and stretch .’:.t across the chart so it passes through
“6: the zenith Z and Arcturus A (see the dottfed line ZAK in Fig.13l). Thus the string ;
a8: forms a so-called vertical circle of the s!sta.r (or vertical) that is a circle pass-
40:1:15 through the star and the zenith in the!: celestial dome.

jf: Point K situated on the horizon has c:abviously an altitude equal to zero and
:: point Z has an altitude equal to 90°, Knc:ming this, it is possible to calculate by:

I
eye that Arcturus (point A) has an altitude equal to approximately 45°, At the
i

same time from the location of point K onithe horizon it is possible to obtain the |

approximate magnitude of the azimuth of Arcturus, nearly 195°.

This method of determining the horizontal coordinates may be used for deter-

mining the altitude of the celestial pole, and in this case it is not necessary to

; "STAT
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use the second cord since thé—ﬁg_léé gfffl‘é earth are situated on 2 celestial meri-

|
! f
| dian which is_its_vertical.._The_value _ori. the_altitude_of_the_celestial pole is ,_veryl

great since it equals the latitude of the locus. It is possible to observe by eye

that in Fig.131 the altitude of the pole is approx:imately 70°; the magnitude of that
latitude, for which the notch of the horizon of the BKN was set as depicted in this l
illustration.- .- . i

Naturally, one and the same BKN may %vholly satisfactorily furnish a star chart
of the sky at a given time also in the ev,ent when the latitude of the locus of the
observation differs somewhat from the 1atlitude for which the notch of the BKH hori-,
zon is set. In connection with this, thrFe different aircraft star charts are usedf
in Soviet aviation; BEN-l, the horizontalg notch of which is set for north latitude ‘
37°,. BKN-11 with the horizontal notch for! latitude of 53°; and BKN-111 with hori-
zontal notch for 69° latitude. It is assLmed that BKN-1 will be used in latitudes
from 30° to 44°; BKN-11 in latitudes fmml 46° to 60°; and BKN-111 in latitudes from
62° to 76°. Tn Figs.131 and 132 a BKN-111 is shown.

In order to make on the BKN an approximate reading of the equatorial coordi-
nates of some star, the second cord must pe stretched somewhat differently so that
—it passes through the star and the celest’ial pole. Set the star chart in a posi-

36 ! |
—ition at which the division March I (on its movable part) coincides with the divi-

sion of 2100 hours (on the movable sheet)‘ ard stretch the second cord across the
) - |
pole P and the star Capella K (see the dotted line in Fig.132). This string de-

|
picts the declination circle of the star Capella, intersecting the celestial equa-

l
tor at point L. Since the declination of point L equals zero and the declination
i

of the pole P equals 90°, it is possible to determine by eye (or by using the divi-,

f . . T
e o ATy A e ses: AW SR ot
Y S R S e e PSSl

sions printed on the circles of declination) that the declination of Capella is
' ]
somewhat less than 50°. The right ascension of Capella can be determined by using

the dinsmns on the celestial equator accordlng to the position occupied there by

point L; as is seén in Fig.132, it is somewhat less than 80°.,

~ wor orrwnrs il vy . el
- PO s T T T Y .
oo e o=
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0
._.] Using Fig.132, it is poss:Lble ‘to e:cplann what is represented by the third equa-

I torial coordinate which we already. ment:.oned in Section 3 - the hour angle., At the ‘
4
-

6t |

8

—t

1
Fig.l32 - Calculation of Equatorial Coordinates of
|

a Star on a Moving Star Chart

a) Iyra; b).Cygnus; c) Corona Borealis; d) Bootis; e) Hercules; f) Draco;

g) Ursa Minor; h) Ursa Major; i) Leo; j) Geminij; k) Canis Minor; 1) Pegasus;
!

s e eepe sty g 24 b0

m) Cassiopeia; n) Andromeda; o) Owen; p) Perseus; q) Auriga. ; r) Taurus;

I
s) Canis Major; t) Aries; u) Orion E
!

s
< e oo

i
meinen

tween the nole P and the South point _§) ,Ham_vqh_exg_ its_circle of declination coin-

i
!
I
|
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cides with the celestial meridian, the }Ig}x;'a:ﬁéié of this star equals zero. Subse— ;

|
| quently, owing to the rotation of the sidereal sky, the star will move in a westward
. I Cod
direction from the celestial meridian a.mdl its hour angle will be equal to the angle

6. i —
i between its circle of declination and 1:hel southern part of the celestial meridian.

8 i i
! In Fig.132 the hour angle of Capella equals the angle CPL, i.e., approximately 30°.
1

10—

Since the sidereal sky is rotating uniformly, the hour angles of the stars change
I

letter L.

{

I

! !

uniformly in strict proportion to the time. The hour angle is denoted by the i

The hour angles of celestial objects, calculated in a western direction from
!
_lthe southern part of the celestial meridian are called western hour angles. The

-western hour angle is computed from zero ‘o 360°., However in certain cases the

22 .
—| eastern hour angle 1s also used, as. compu'lbed to the east from ths southern part of

the sky meridian from 0° to 180°. It is 1;'101'. difficult to ascertain that between

the western and eastern hour-angles there exist the following simple relationships:

[ =3600—g, | (2)
o R . :

where t; = eastern hour angle :
t,, = western hour angle of the sa.mei star,

The western hour angle of the point <|>f vernal equinox, which is called
sidereal time, has great significance in ;stmnomy and is denoted by the letter S,
At that moment when the point ofhve'mal e<’;_uinox intersects the southern part of the
celestial meridian, sidereal time equals lzem. On various days of the year this
occurs at various times of the day. Thus, at the end of March this occurs near

I
midday, at the end of June near six a.m., at the end of September near midnight,
i

and at the end of December near 6 p.m. T?erefore, sidereal time is Inconvenient

for use in everyday life, Sidereal time changes from 0° to 360° (or from zero to

. fana . S SRR I It NPURRTIC P ¢ S sy dy ot
R R IR R T S 2309 PRy
o IV roat$

- |
24 hours) in the course of a period of tirpe termed sidereal day. A sidereal day is’

almost four minutes shorter than the solar day, which we use in practical iife,

"
931\ 4] SOV AT A T

R

W
drsadecmt e
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In ~ In Pig.l32, the declination circle passing through the point of Vernal equinox :
"1 1s denoted by Py (the sign Y usually denotes the point of vernal equ:.nox) _Because '

of this the hour angle of the point of vernal equinox (i.e., 31dereal time S) equals

the angle CPy. —Bat from the mustratlon it is seen that LCP =ZCPL ™+ LLPy, and‘_:
since [_CPL equals the westerm hour angle of Capella t, and ZLPy equals the right |
ascension of Capella. o then it is obnous that

f . S=t+a. L 3)

- . : ) -

In Fig.132, sidereal time.S equals approximately 110° and in Fig.l3l approxi-

_ mately 230° (see the location of the declli_na.tion circle Py in that illustration).
_| This means, tha!; for' any star in the form:er case the sum of its western hour angle
and right ascension equals 110° and in th;e latter case, 230°.

By using the BKN, it is possible to I-solve (approximately) various secondary l
__| astronomical problems for example, to determine the moment of rising and setting of!
various staré on. a_given day of the year or the moment of passage of stars through
__| the southern or n;rthem part of the cele;stial meridian, For determining the
moment of rising or setting of any star, %t is necessary, by rotating the movable
B pa:rt of the chart, to place this star in i:he eastern or western part of the hori-

zon,. and then observe, at what moment, e::q')ressed in hours and minutes, it meets
i

4oaeh am e e o L

|
with a given calibration. It is only to be remenbered that the time obtained

R et i il

__{refers to local civil time which has to be converted to its time zone by using
eq.(1) (see Section 6).

The passages of stars across the celestial meridian are of special interest,

since at the moments of these passages the star altitudes reach their greatest or
§
smallest values, depending-on whether the’ stars pass across the southern or the
!
northern part of the celestial merdidian. ;In this connection, the passage of the

—{ star in the southern part of the meridian (between points P and S in Fig.l31l and

132) is called tne upper culmmatlon of the star and the passage of stars in the

|
i
95

e i A .
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-northem part of the celestial meridian (:m a nortiward direction i‘rom po:mt_ P) is

Qe
-

’ called the lower culmination of_ the sta.... __For determining_the moment of upper or

a— a2 '

2

.-‘! lower culmination of any star it is neceslsary, by rotating the movable part of the
6 o R
chart, to place the star in the southern or in n the northern part of the celestla.l

8
meridian and to read the moment of local civil time, correspondlng to the nu.mber

_ set, i

At the moments of upper and lower culmination of the star (or any other star)

| i
_|its sltitude is linked by a direct relationship to. its declination ard the latitude

1

, of locusz | ’

a) At the upper culmination of the star between the zenith Z and South point S:
. . |

=9 —g+ ¥ R CO R

1o it bateis 8 N et emn e el Sl (M amtoldl 1 Y

A R RIS Tw R

b) At the lower culmination of the star between the pole P and the zenith Z:

h=90°-——8.:{- ?.

et e 1 9
posairpd e vy

&

Since at the moment of upper culmination of a star its western hour angle

V
t
&

¢

L2

T
¢

L &

&

equals zero and at the moment of lower culmination this angle equals 180°, then

.
HpoI M By oy

from eq.(3) it follows that at the upper gu]minafion of a star its right ascension

T e

!
equals sidereal time, i.e., S = ¢ and at its lower culmination the right ascension

iof the star differs from sidereal time by 180° that is S = « ¥ 130°,

«". R T An

e Lt VIR A

T -
42_16. Solar Time
!

x
g of S

4-‘.-:1 In the preceding section we indicatali that sidereal time is impractical for

46_—_ use in everyday life, because the beginniﬁg of a sidereal day (the moment of upper

R
T

"48_lculmination of the point of vernal equlnox) in the course of a year occurs at

._-.{
50—|different times of the day and night.

] |

52— This shortcoming is not displayed by solar time, vhich is used in various
1

G,va

PN,
ik CRICIeaT o S

—

1

l

| forms,-but most-often-in.the.form of so-called.zone time, -.-—— 1’
|

Le k.
T AATE e X T N ey

N
1]
4

-~ Tt_would secem_that_it would be most rational to use the hour angle of .the . ~——~:
STAT
!

|

e
e\

B St

TV e T TR TGS
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“Tcenter of the sun for measuring solar time.

However this time, called true _sglng(&i;n%._é§£§haz£y_b§9§nsg_i_t_ is based on a

“iunit - a true 24-hour day - equaling the time interval between two consecutive upper
!

. R U
"{culminations of the center of the sun, which changes somewhat in the course of a
. i a
year.* Therefore in practice there usually is used an apparent solar time differ—
ing somewhat from the true such time, with units that are strictly consté.nt‘. This
1

apparent solar time is based on the use of a special fictictious (imaginary) point

| _ |

called mean sun. ] ]

. t
Tt is assumed that the mean sun moves uniformly along the celestial equator in
|

|
| the same direction in which the true sun moves along the ecliptic. Here, the mean ;
t

__isun is chosen so that its right a.scension! differs from the right ascension of the

_; center of the sun by rot more than 49,1, | The time measured by the western hour
|
angle of the mean sun is called mean time., The mean day, the duration of which is

strictly constant and which equals the in’tberval of time between two successive

—| (Identical) culminations of mean sun, is used as the basic unit of mean time. The
mean day is divided into mean hours, minutes and seconds. These are the same units
_lof time which are used in everyday life, in mechanics and in physics,

The mean day begins at the moment of upper culmination of the mean sun, that

. . {

occurs approximately in the middle of the day (at mean midday). Obviously, this
|

creates great inconvenience in the counting of days, in consequence of which,

everyday life has long been based on the so-called civil time which differs from
| :
the mean time by 12 hours and is calculated from the moment of lower culmination of

i
the mean sun (from the moment of mean midnight).

ki e s OB b~

*The changing duration of a true sol%.r day is caused by two reasons: first,

59— the sun moves unevenly along the ecliptic', second, the ecliptic slants to the
— [

54 _|celestial equator, due to the fact that the identical passages_of the sun along the

i STAT
97

Ssj_eclip_t_i;c . correspond to its unidentical passages along the celestial equator.

3
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A

&

La.

._l In USSR civil time was used until Juli'le:~ f§f9-, when i)y a decree of the goverrment

2 | 5 {

—[ it was replaced by more convenient zone time._ The reason_for this change is as |
[}

4_14

- _t followss |

6 }

3

Civil time is measured by the western hour ‘angls of the mean sun, increased or
8.

- decreased by 12 hours. Therefore civil time at.one geographical meridian differs

10 !

__| £rom civil time at any other meridian. I’t becomes the greater the more eastward is.

13

' 1

the position of the meridian passing across the locus of the observer, i.e., the |
’ f

_| greater is the longitude of that locus. Therefore, civil time is also called local

. i
civil time, since it varies with the longitude of the location. Between local

l
civil time and the longitude there is the following relationship:

1 . \—h=T, —T,, ' - (5)

where A and A, are longitudes of two meridians;

Tul and THZ are the local civil timLs corresponding to these longitudes.

Equation (5) is stated thus: the difference in longitudes equals the differ-
ence in local civil times. ‘
Thus, any relatively small change m: the longitude of an observer, moving
"Jalong the earth's surface is accompanied %:y a corresponding change in local civil
_|time. Because of this it is easily possil;)le for confusion to arise, especially in

3
railroad, telegraph and telephone tra.ffic;. In this connection, in the USSR and in

- WIS L ®
B SIS

most other countries, local civil time ha.lf.s been replaced by zone time.
]
The reforms accompanying the introduction of time zones included the follow-

|
ing: the entire terrestrial sphere was divided into 24 hour zones by meridians,

4
situated at 15° longitude apart from each. other, or, which is the same thing, one
’ |

hour apart. Each zone received its own number - zero, 1, 2, etc. up to 23. The

S amgreanieaes emt avianr v o o A TR

i
zero zone was chosen so that its center would be passed by the Greenwich meridian
i

sk

from which, as is known, calculations of longitude are made.

8
|

e A NSRSt T A1+ B St A e e s b ARANRT LED BT A 3T L

AT Y 5 e e e CiSroing nt 2 tmeeee ey EEAC Tt B e G D

Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/03/14 : CIA-RDP81-01043R003200140002-5



ereme e e e §eme 2T D
P e T ot e S 20 S,
- -
ll‘!i:i‘i‘l‘]}‘lﬂll““

eT®Og S9U0Z oW} JO 3XBYD (®

souoZ ewt) Jo IBYD -~ €ET°3TJ

o e g ——

001

— e et me——— .

——t———rrrrn
wN008 00+ O 00

RDP81-01043R003200140002-5

J

n " .
a1 ¥
READ

%3 $NNAL xux.:z

o (<)
XAL..&.;O\:?

xn..in::.i

varbuy
!

o,
Ly

Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/03/14 : CIA-RDP81-01043R003200140002-5

<
O
<
A
S~
(90}
o
=
<
—
o
N
—
i
o
Vo]
O
[0}
2]
©
Qo
[0)
x
—
O
[t
©
[
>
(@]
—
O
O]
<
>
(o1
o}
o
©
[}
N
=)
c
©
w
1
=
©
o
£
°
2
=
(]
2]
S
[8}
Q
]




Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/03/14 : CIA-RDP81-01043R0032001400-5

The zone numbers increase in an %gﬁﬁﬁﬁgi;ﬁ that is the mean meridian

of the first zor;e__pas an ea_._s_t__]_.gngitud_e_Q:Q__l__}_l_qqr,_thg mean meridian of the second '~

zone has an east longitude of two hours, 'Ietc. The time within each zone is con~

idered To be uniform - aiaﬁg“tiha'ib?giﬁildé'af the mean meridian; in the zero
zone — it is Greemwich local civil time, 'lin first meridian zone - it is one hour

ahead, in the second zone it is two hours ahead, etc, So, throughout the earth,

: |
instead of an endless multiplicity of va.r‘ious local times, there are altogether

_| only 24 times differing from each other by whole hours. In order to know the
- i
difference in the zone times of two zones, it is necessary to subtract from the

number of one zone the number of the othelr

. ?;.——TP‘-———-N,——N,. ) . 6)
For example, the difference in time betireen the tenth zone and the third zone
equals seven hours. -

Greenwich local time, i.e., the tize of the zero zone is denoted by Tgr. and

is usually called simply Greemwich time. | It plays an important role, because the
_| coordinates of stars and other data in air almanacs are given in Greenwich time.

Since Greenwich time corresponds to a zero zone number, it follows from eq. (6) that

¢

The width of each zoné in longitude 'equals 1 hour, therefore the zone boun—
|
daries differ by half an hour from mean meridians and the local time of the boun-

!
daries of a zone should likewise differ by half an hour from the zone time of the

|
gone. In reality, however, the matter is not quite like this because the boun-
i .
daries of hour zones usually pass not along the meridians but along state and ad-

ministrative frontiers, along great rivers, etc. Therefore, the difference between
|

. t
gone and local civil time may sometimes exceed half an hour. For determining this l‘
. i

difference it is possible to use €q. (6). Since the zone time is the local time of
' N {

f
STAT
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The mean meridian of a zone the longitude of which equals the mumber of the zone ﬁT
!

T, —T,=N—2\ . (6)_.

. By using eq.(8) it is possible to ma.ke the conversion from local civil time to
mm‘ zone time and the opposite. In the USSR 1n the summer of 1930 all times esta.b.b.sh-
12:] ed by the govermment were moved ahead one hour. Due to this we live not in that |
1‘?“% time zone in which we were placed by the mtroductlon of zone time but in the time i

zone of adjacent eastern zone. Thus, for example, Moscow is located in the second
zone, but the so-called-Moscow time is thle time in the third time zone.

The transfer to one hour ahead of the zone time in the USSR is usually termed ;

] decretal timé. The difference between the decretal zone time and local civil time
|

TYRISLETLT

can be found by eq.(8), with the stipulation that the number of the zone is not

1
only taken from the table or from charts of the time zones (drawing 133) but also

is increased by one hour.

Thanks to decretal time in the USSR the difference between the zone (decretal)

time and local civil time is always positive.*
!
In consequence of the huge extent ofi the Soviet territories in longitude,

—] there are eleven time zones in USSR, fxwoml the third to the thirteenth zone.

7. The Air Almanac

| )
As noted before (Section 1) the navigator conducts astronomical calculations

!
in flight with the aid of the air almanac and special tables. The air almanac
|

(abbreviated AAE), i.e., an astronomical almanac for the purposes of air naviga-

tion, has been issued in the USSR since 1930, much earlier than in most other
i

:
.
ky
,x
&

.4
g
§
<

-
b3
1
H
i
%
i
B
h
g
$
kK

E
e
E
p
:

countries. It is published once annua.llyf. Each day of the year is corresponded by
i :

R A S AL

—— ’ 1
54 _] ¥Exclusive of the Tartar Autonomous SSR, which is situated in the third hour _

55—1 zone and uses the time of that time zone.'
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—

a page of the aimanac, where the declination and Greemvich hour a.ng_ie-smo_f-the sun
! .
_and of three planets, and also the Greenwich sidereal time, are given for each hour.

of the Greenwich time T ar of the day. Fo:r the moon, the equatorial coordinates of

: S P _ — e
which change much more quickly and uneven.:Ly, the declinations and hour angles are

!
given for every ten minutes of Greerwich time. Besides this, each page of the AAE

!
contains tables of corrections entered into measurements of the altitude of the

! .
moon owing to lunar parallax (see Sectioni 13)s The AAE is complemented with an in-
_| sert containing the values of declinations and right ascensions of 30 stars. On

the reverse side of the insert, just as o'n the reverse side of the title page of

|
|
|
|

| the almanac, thege are interpolation tables, serving for introduction of correc-
tions for Greerwich time minutes and seconds into sidereal hour angles and into
"| sidereal time (see Table 2)s At the end gof the almanac there are diagrams of the
passage of the planets across the sky in :the course of a year.

Be;sides this, the AAE is provided wi:bh an appendix, "Tables of Moonrise, Moon-
set, and Moon Phases',

The basic problem to be resolved with the help of AAE, consisis in computing
_|the sidereal. hour angles and declinations and also sidereal time for a given moment
of a time zone. S:fnce in the AAE all coo:rdinates of stars are giveg for Greemwich
time only, it is necessary to convert a g:"wen zone time to ‘Greemrich time by
eq.(7). |

The declination of stars selected from the AAE for the obtained Greemwich t.’une'
can serve in the processing of astmnomic:'a.l measurements conducted in any location

|
on the earthts surface. The matters stan?. otherwise with the sidereal hour angles ‘

and sidereal time taken from the AAE, since the values of these coordinates in the '
almanac are given for the Greemnwich meridian, In order to convert the Greenwich

hour angle tgr and Greenwich sidereal time S gr to hour angle t and to sidereal
1

time S corresponding to longitude A at wh'ich the navigator is located at the moment '

of making astronomical measurements it is necessary to use one of the following
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t=t +% 9
S=S +1L (20)

. . |

In these formulae eastern longitude is considered positive and.the western,

E

negative. ‘ -

Let us illustrate the procedure for computing sidereal hour angles and side-

real time by the following examples:

\ .
Example 1. Find: the sidereal t.imef for the instant of 5 hrs. 14 min. Moscow
| .

time (i.e., time of third time zone) on A}xgust 8, 1952, if the eastern longitude of
l

location is A = 38°16t.

a) From eq.(7) calculate Tgr = 5 hrs, 14 min. - 3 hrs, = 2 hrs, 14 min,

|
b) From the 1952 AAE select S gr for the moment Tgr = 2 hrs.; we obtain S

gr
346°321,

¢) To the obtained S - add the correction for 14 min.; taken from the interpo-

8
lation tables (see Table 2). This correction equals 3030, Ultimately we obtain:

Sgr = 346°321 + 3°301 = 350°021. |
I .
36_ d) Calculate from eq.(10) the sidereal time corresponding to the given longi- '

38: tude of location '
40_] S = 350002' + 38°l6t' = 388018' = 280181

42__{Note — In those cases when the sum of the; angles is obtained greater than 360°, it

44:] is necessary to subtract 360° i‘rom, it,

Example 2. Find: the declination and hour angle of the sun for the instant
i

of 10 hrs. 37 min. 20 sec, Hoscow time, Ogtober 27, 1952, if the eastern longitude

i
!

of location is A = 41%31. |

54 37 mins—20-secs
56
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p—

b) From the 1952 AAE select for the pbtaiﬁe?{‘r “the declination of the sun

5 = -13° + 131 (Section_8 provides_the explanation why the_degrees and_mimutes ofl I

|
declination in the AAE have independent signs).

| —

A
315 L NESTOEL ST s 2 7 Do Bt nina Tt s winet bbbt

I

52—

54

_1 longitude of location: '

—m 30%~ 619281 = -31%28' = 328°321,

¢) From the AAE we take the tg'r of the sun for the instant of T . = 7 hrs; we
1
|

obtain tg,. = 289°01. o
d) To the obtained tgr we add the co;rrection for 37 min, 20 sec. taken from
the interpolation tables, this correction; equals 9°20?, We obtain ultimately
tgr = 289901 + 99207 = 2989211,
e) Calculate from eq.(9) the hour angle of the sun corresponding to the given ;
i
t = 289°21r «+ 4:1%3' = 3319041,
Hereafter we will call the sidereal ihour angles and sidereal time correspond- .
ing to longitude other than zero by the a:ppel_lations of the local hour angle of a
star and the local sidereal time. Thus 1.'n example 1 the local sidereal time was
found for the instant given, and in example 2 the declination of the sun-and its
local hour angle were determined. | )
With the aid of the AAE it is also possible to solve reverse problems consist-
ing in the calculation of the instant cor.respondin-g to a given hour angle of a star
or to a given sidereal time. The pmcedu:re for the solution of such a problem 1is

il1lustrated by this example: . l

| .
Example 3. Find: the instant in the fifth time zone on 16 December 1952, at

. ) .
which the local hour angle of the planet Mars equals 30°; eastern longitude of

|
location X\ = 61°28t, i

a) From a modified eq.(9) we find the Greemvwich hour angle of Mars, t o =

|
b) On using the 1952 AAE, we ascertain that at the moment T gr = 13 hrs. » the

Greermwich hour angle of Mars equals 318°21f.

56

¢) We calculate the difference between the calculated tgr of Mare and the T
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o

of Mars (for 13 hrs.) taken from the AAE |
!

328%321 - 318%21r = 100111,

bA

L IPLY LRI Sl
T

Y

angle of Mars will equal 328°32' following 40 min. 44 sec. after 'rgr = 13 hours.
] .
e) We calculate the instant in Greenwich times
|
Tgr = 13 hrs. 40 m. 44 sec.

I
£) Ve calculate the instant in the fifth time zone, using the modified eq.(5)::

!
‘I'p = 13 hrs. 40 m, 44 sec. + 5 hrs. = 18 hrs. 40 m. 44 sec.

By an analogous method it is possible to find the instant in zone time if the

i
local sidereal time is given instead of the local sidereal hour angle star (as in

example 3).
If it is necessary to calculate with the aid of the AAE the hour angle of some

star for a given instant, the caleulation has to be begun by detemmining the
sidereal time for that instant (as in exa.t'nple 1) and thereupon in accordance with
eq.(3), on computing the right ascension of the star from that sidereal time, the
star?s hour angle is obtained. Thus, if Fhe procedure in example 2 be used to find

—lithe hour angle of Aldebaran (¢ Aries), th:e right ascension of which equals 68°17?
% then the calculation of this .our angle would be thus shortened:

j:: t =8 -q =28%8" - 68°]{.7' = -39°9591 = 320°017.
42_] l

0] angle of Aldebaran while as the hour angl}e 399591, obtained with a minus sign, is
= its eastern hour angle. It is not diffictjxlt to see that these hour angle values

It is to be noted that the finally obtained hour angle 320°01! is western hour:

satisfy eg.(2).

As noted before, the 'AAE contains di?grams of the passage of the planets

through the sidereal sky during the course of the year. To find the planets in the
. i
}

—|sidereal sky, these diagrams can be used éither- directly or indirectly by plotting

their planet position data on the BKN. For plotting the position of the moon on

Ry e e e e e I TR S LA R

STAT
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!
|
|
|

where the Greenwich sidereal time S gr and the Greenwich hour angle of the moon tg

for a given day and hour are taken from the AAE.

—18. Altitude and Azimuth Tables

The first aircraft astronomical tables used in our aviation, a publication of

: |

: the Air Fleet in 1916, were drawn up by N.Kalitin. They made it possible to calcu-
|

late; on the basis of altitude measurements of two stars - Polaris and a western or

_| eastern star - the latitude of location and local sidereal time. Longitude was

determined by a modified eq.(10). The endeavors to simplify and shorten astronomi-
! f
cal calculations in flight led to their significant changes. Original and ingen-

|
| ious methods of longitude calculation were introduced by A.N.Volokhov who compiled
“lin 1928 the so-called "Graphs of the Longitudes of Stars® which in conjunction with

—1the detemination of the latitude from the Polaris were used to solve problems of

controlling the course with the aid of as;t.ronomical methods of air navigation.

—f

36_| Volokhm'r's graphs were used for several y%—zars in Soviet aviation and, doubtless,
38: were the prototype (girst fom) of the asir.rographs. of the American navigator Weenms,
who used in his Minvention™ the idea of VLlokhov's graphs (which was, of course,
42j not n‘lentioned oy Weems). :

In the period of preparation for the: historic transarctic flights of 1936-1937
the P.K.Shternberg Moscow State Astrc:)nomi;:al Institute compile;d tables of star

altitudes which were the first version of‘the contemporary altitude and azimuth

|
tables worked out by L.P.Sergeyev. 'I’hese latter tables were published in 1941 but

'

already in 1939-40 they were printed by photographlc means and used in our avia- !

54-.tlon._.It_.:.sucumous.to_note that astronomical.aviation tables .published .in England“

56._J.n.l9hl_showed._quch.resemblance_to Sergeyev’s tables,.that_there_can_be_no doubt a.sl

sa” ] !
_161 STAT
f
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i to their plagiarism.

2
| The subsequent editions of _alJ:j.},gd_e and azimuth tables of the sun, moon and
4_] 1 :
.1 planets (abbreviated TVA) developed by L.‘P.Sergeyev were published (in 1946 and in
6 i !
_1 the following years) in five books for t}ﬁe northern latitudes from 14° to 28°

8

(TVA-Yu) from 30° to 44° (TVA-1) from 46° to 60° (TVA-2) from 62° to 76° (TVA-3)
|

10— . i
_] and from 78° to 88° (TVA-4). Somewhat later there was published a supplementary
|
12

14
| from 52° to 7&°.

TVA-1lc for northern latitude from 28° to '51+° and a TVA-2¢c for northemrn latitudes

i
In the TVA the altitudes and azimuths of solar-system bodies are given for

l
declinations expressed in whole degrees from O to %29°, for degrees of latitude

_| expressed in even numbers and for degrees; of hour angles expressed in even numbers.
In table 3 (see p, 111) are presente;i part of one of the even-mmbered pages
__lof TVA-2 and of one of the odd-numbered., lI*t;s columns represent latitudes 46°, 48C,
50° and 52°., Positive declination is indicated in the upper part of the table
(+15°) and negative (~15°) in the lower part of the odd page. The hour angle t is
given in.the first column to the left, and on odd pages - also in the first column
_{to the right, The value of altitude h :’ml the table. is given with an accuracy to

_ i
1t, the value of the azimuth A - an accuracy of 1°., In oxder that the tablets

36_] .
—|altitude values can be corrected to minutles of declination, an index f is given in

38

—

40

the tables. Corrections for minutes of declination are taken from the index and

—jfor the number of mmutes of declinatlon from an auxiliary table compiled for minu-

42__]
tes of declination from 0r to 30t. i

[T TAt I
R R

44

—

46

AN

Therefore in the AAE the star declinations are given in special transcript:

tasg 0 330 Y 40

the degrees and minutes of declinaticn have independent signs. If the number of
48_]
50_
—is entered with a plus sign, and if the n}mber of minutes of declination is nega-

PP SRS NP TTRUIG SOV Vs S SO SSRRBAPPRFPUE D RPESYREIP A
)
e

l
minutes of déclination is positive, the c?rrection of the tabulated star altitude

tive the correction has 2 minus sign. 'I'his rule retains its validity 1ndep°pdently

of what sign stands before the degrees of‘ declination; plus or minus. On the

]
t

%
S
_|

_1?8. '
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lodd-numbered. pages of the TVA the boundanes between the altitude and azimuth values

!nertam:mc to the positive and negative dech.natmn are denoted by _a broken (hori-_

lrs zontal) line.

Since in the TVA the star altitude and d azimith values are given for hour angles
pot exceeding 180°, in cases when the western hour angle of a star proves to be
greater than 180°, it has to be converbed as per eq.(2) into eastern hour angle.
Thus, for example, in the solving of example 2 there was obtained a western hour
angle of the sun 331°04' W, in order to u!se the TVA to find the altitude and az:mmth;
of the sun according to this hour angle, :Lt is necessary to find the corresponding '
eastern hour angle of the sun which equal's 360° - 331°04t = 28956t E. i
If a solar-system-body has an easter% hour angle 'then it is located in the
eastern part of the sky and its azimuth dpes not exceed 180°. In this case, the
tabulated TVA azimuth is the na.vigationalv, (north-eastern) azimuth. If a solar
system body has a western hour angle its navigational azimuth must be greater than
180° and for obtaining this azimuth by means of the TVA it is necessary to take the

complementation of this azimath to 360°. | This will be i1lustrated in the examples
32

34

below. The procedure for doing this in flight will be explained in Sectlon 1.

361 !
—|always expressed in an even number of degrees.
38— | :
— Example 4. Declination of solar-system body & = +15° + 237, hour angle of
40__]

l
In solving the examples of the usesof the TVA we wii.l use hour angles that are

|
solar-system body t = 26°E. latitude of location ¢ = 48°. Find from the TVA the

42__

altitude and azimuth of the solar-system {mdy.
44: From table 3 we find: altitude of sf)lar—system body h = 50039' + 21t = 519001,
zé: navigational azimith A = 138°. :!

8: " Example 5. Declination of solar-sys!tem body 6 = +15° - 16%, hour angle of
50: solar-system body t = 14°W. latitude of flx ¢ = 52°, Find from the TVA the alti-
:j tude and azimuth of the star.

56_— From table 3 we find

l

I

|
-109.
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IR

~altituls of solar-system body h = 51021f - 16t = 51°057;

]

gational eztmith A = 360°.= 158 = 202° _ .
|

t

Example.6. Declination of solar—sysitan body 6 = -15° + 09'; hour angle of

o et

SEar © = 629K, latitude of fix ¢ = 46°. Find Trom the TVA the altitude and azimuth

of the star. }
From table 3 we find o
1
— altitude of star h = 7°2l;' + 7= ‘7°317;

- navigational azimith A = 121°% | '

Other tables published in 1946 are employed for calculating the altitudes and !
"] azimuths of stars. These tables of star altrbudes and azimuths (abbreviated TVAZ) !
were compiled for the same intervals of latitude as the TVA. In the TVAZ for the ’
en values of latltude for each degree o‘f sidereal time are corresponded by the
altitude values (to an accuracy of 11) amli the navigational azimuths (to an
accuracy of 1°) of four or five navigation stars from the number listed in Table I,
.and also the difference between the latitude of the location and the altitude of

the Pole star (in the tables these differences are called corrections in the alti-~

tude of the Pole Star)e. i

i

A part of a page of TVA-3 is given in table 4.

No corrections for the tabulated alt!itude and azimuth values in the TVAZ need
be entered. Thanks to this the TVAZ is lnuch easier and faster to use than the
TVA. A relative shortcoming of the TVAZ g:onsists in that owing to a very slow but

| .
continuous change in star declinations and right ascensions, the star altitudes

AUl PO AT O ey ot (b w Fass e (T T

|
listed in the TVAZ become insufficiently sccurate; because of this every 7 - 8

i
years the TVAZ has to be revised and repu%]ished.

Example 7. Sidereal time S = 191°; ?.atitude of fix ¢ = 48°, Find from TVAZ

]
the aititude and navigational azimuth of the star Regulus.
i

From table 4 we f£ind the altitude of Regulus H = 41°24%; navigational azimuth

o 2 Yl e e Ll e

R

DA e

of Regulus A = 2_36°.

w
-
.._..—.>.____,,____<‘ et = -

raran L et B PSRN 8 ST 5 P
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21 !

-__.}_l.atitude of fix, if the measurement of the altitude of Polaris from latitude is no
4 ' o

Example 8. Sidereal time S = 1839, éDe{e_nﬁr{e with the help of the TVAZ the

:§ needed. l
Using table 4, we find that the latitude of fix is ¢ = 470571 + 537 = 4gOo507.*%

|

Ta.b!le 4

Sfrom180° to 225°

8§r§ﬁ§i°n Arcturus , Spica
s [Altitude of] —
he Polar | : A A A
tar” o

452 28°19’

+52 i 28 34
+53 . 28 49
+53 29 03
+54 29 16
+54 29 29

+54 29 41
+55 29 52
+55 30 (2
+355 30 12
+56 30 21

+56 ) 30 29
+56 30 26
+56 30 43
+57 30 48
+57 30 53

+57 30 57
+57 31 01
+58 31 03
+58 31 05
+58 31 C6

|

' !
9. Geographical Iocation of Stars and Circles of Equal Altitude

|
|
|
|
|
|

We have already said above (see Section 1) that a navigator, on having measur-
1

ed in flight the altitude of any star can, after processing the results of his
!

S |
3. ‘ '
For obtaining a more accurate magnitude of latitude of fix, it is necessary

i

|
also to enter certain other corrections into the measu;ed altitude of the Polar

Star; see Se‘ctioné 13 and 14 of this book;
) i

st
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__imeaaurements, plot on the chart the *ats_t;;agx;i}aﬁfﬁé-;f position at one point of

|yhich_hare is found the airplane_ (at the moment of measuring the altitude). The . :
l .

currently applied method of plott:_ng

astronomical lines of posﬁ.ion con—
stitutes modification of a method
worked out as early as in 1839 by a '
Russian naval officer, Lieutenant

M.A.Akimov.: Since this method is

of great significance for control-

ling the course by astronomical
means of air navigation, it is

necessary to describe the geometric

{

|

1 C

} ) concepts on which it is based.

If we mentally connect the cen-
Fig.134 - Determining the Fix of an

ter of the earth's sphere with any
__|Observer from two Circles of Equal

heavenly body by a straight line,
Altitude

:this line intersects the earthts

surface at a peint, in which the body nll be observed in its zenith. Such an
i -

36:1 |
assumed point is called the geographical fix of the heavenly body (abbreviated to
3 i

e

!
GH of the body). In Fig.134 MC and M'B are parallel beams of a star, falling on the

40

!
__Earth's surface; point T is the center of the Earth, point C is the GM of the star, .
42__

. ! ' ,
and point B is the location of an cbserver, who is obviously separated from the G{

T T TR

|

|

s | , l
__of the star by the angular distance BIC. Let us plot through point B a plumb I
i

]
1ine TZ. Then we obtain angle /ZBHt =/BTC, i.e., the zenith distance of the star
|

|

*In many handbooks of maritime and air celestial navigation this method is in-

e Ap ooy

corr=ctly referred to as ”Sumner's method" after Captain Sumner who proposed a nmch

s R E
- el eid e atii e - A
ST T A e

@ JLGSS workable version of thJ.s method at the same time as H.A.Aklmov.

y
|l e

b ’
!

o
i o ———— 7l ot b St FOnre LT = # Foe e S ATY B DS Sk TY

. e e - . . .. - .
B e e O e o e T, N YRR TR T T G

R R T T e S R TN T T TS AT S Y SR R RN R
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T| ___ Let us plot around point C on the Earth's surface a snall circle BD, the ..
-~
.

i
! spherical radius of which equals the arc CB., All points on this circle are located
!

: equidistantly from point "c";"éSixs'eE{dén’cTy';Tﬁe"i‘eﬁ%ﬁﬁb&nm'?ﬁé_sh?f"oii “thése
_| points w.i.li all also be equal. This smalll circle is temmed circle of equal alti- !
1 tudes of a heavenly body, becausse, no ma'b"ter what point on that ci;'cle is occupied '
_I by the obst'arver, the zenith distance of the heavenly body, and hence also its a.lti-:

|
: tude, will remain the same. Tt follows from the above that %
’ i

t
i

2= CBond h=90°—CB. S

No matter what is the point on the Elart;h's surface that is occupied by an ob-
] s-erver, the circle of egqual altitudes of ia.ny heavenly body can be always plotted
through that point. In this connection, Ehhe nearer is the observer to the @I of
__| the body the smaller will be the sphericall radius of the circle of equal altitudes
and, consequently, the higher will be t'he altitude of the body.

In order to plot a circle of equa:l altitudes on a terrestrial globe it is
necessal;y to know the altitude of the heavenly body in question, and to know how to
determine the geographical coordina‘l'jes of; the GM of the body at a given :.instant of

. i
time. If an observer-is at point C (see Fig.134), he would see the body at its

zenith and thus also at its upper culmination. But the altitude of a body situated
i
at its zenith equals 90° and the hour angle of this star situated at its top cul-

mination equals zero or 360°. I|

As a consequence of this, to an observer situated at point ¢ (that is, at the
1

GM of the star) egs.(4) and (9) take on this appearance:

© 900 = 90° — ¢ + Band360° =2, + .
\ ) _ ) |
i

On adopting for the latitude and longitudé of the GM of the body the designations

? 3
5] P and ?\*, we obtain

®

!

i

!

I
STAT

|

i
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36_
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38|

—

e Rt ¥ e ekname e Sdabe ek e e b ke

14 __| Greemvich hour angles of stars may be calculated from a modified eq.(3), the geo-

- ]
16 ] graphical coordinates of the @f for all these heavenly bodies may be calculated for

‘20: altitude of a heavenly body, it is p0551b?.e to plot on the globe the corresponding

22|

24 __] Let us assume that at a certzin instant of zone time '1' a navigator measured

28 basis of these measurements he could plotihis fix on the globe, he must proceed as |
30| follows:

32__ a) From eq.(7) find the correspording instant of Greemwich time Tgr‘
-
341

Py ==3and A, = 360°— 4.,
' - .
l t
_ti.es, the latitude of the (M { of the hea.venly body equals the declination of the body

———

g and the longitude of the GM of the body equa.ls the complement of Greemwich hour '
10| angle to 360°. ‘Considering that the AAE gives the declinations and Greemvich hour |

—

]
. 12| angles of the sun, moon and planets, and ’also the declination of stars, while the

- t

1§__| any instant of time with the help of the AAE Knowing these coordinates and the

!
circle of equal altitudes of the body.'

|

i
i !

25_ the altitudes of two stars which pmvedl equal to h; and hy, In order that on the.

b) On using the AAE, find for the in’stant of '.l'gr the declinations and Green-.

wich hour angles of the two stars;

¢) From eq.(12) calculate the latitude and longitude of the geographical fixes

1
Vupr Mupi |

d) Use the obtamed values of the longitude and latitude to plot on the globe

of both stars, Py 2 A

the geographical fixes of stars C, and 02! (Fig.135).

e) Calculate the zenith distance of the stars by the formulas z3 = 90° - by,
l

ard 22=90°-h2: - {

f) Plot on the globe (with dividers)faround the points €y and Cy two circle's
|

i

*If the altitudes are not simultaneously measured, one of them must be correct~

_]ed for the path traveled by -the airplane (see Section 13).
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of equal altitudes with spherical radii equal to zl and zp.
_The two circles of equal altitude plotted by such a method_on the globe mter—
!

._g sect not at one point but at two. Therefore the navigator must decide, which of

these two points indicates his fg,'which' is Easily done, since usuaJ.l?TbhE i)oin—t.-gv
of intersection of the circles of equal ailtitudes are separated from each other by '
a distance of several thousand kilometers. .
R I Thus the problem ;af determining

S the fix of an observer with the help
of two circles of equal altitudes is
solved very simply and wholly defi-
nitely but the resulting accuracy is
not great. This occurs mainly owing

to the fact that the terrestrial globe

is not an accurate instrument and it

is impossible to avoid considerable
Fig.135 - Method of Plotting Straight

errors when plotting circles of equal
Equal Altitudes on the Chart
i. altitudes on that globe, with divid-
|
—jers. In flight the use of a globe is especially inconvenient because a large globe
36_] : |
i1s too cumbrous, and on a small globe it :'i.s not possible to obtain any satisfac-
|

Ay,

“bar

KN - Yo
N P I S IO, L ¥

torily accurate results owing to its redu;':ed scale. Owing to this, globes usually

are not used for drawing astronomical lines of position, but geographical charts of

PSS I

XA

J
sufficiently large scale are used. However, in this case the calculation and the

graphic part of the work grow much more complex.
l

s T IR IR P e
S

10. Lines of Equal Altitudes

On knowing the measured altitude of a star, it is easy to calculate the
spherical radius of its corresponding circle of equal altitude, as expressed in

~tkilometers . It-is-known-that.one degree .of.a .great. circle.arc of.the terrestrial_ |

56_I globe_equals_approximately 111 kilometers. _Thus.if we measure_the.altitude.of.a_ '
STAT
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}

- star even when very close to its zen:Lth for ex.o.mple, equa.l to 80°, then in this
2_..

! case the radius_of the circle of equal. altltude will be _of_the much_greater extent_

i1:he arcs of circles of equal altitude,

4|
_,% of approximately 1110 km. Owing to this

plotted on comparatively large-scale charts, are depicted by small curved lines ’
whose small segments can with a sufflcien't degree of accuracy be changed to tanc,en-.'
tial straight-line segments. These stmilghtened segments of arcs of circles of
equal altitude are called straight lines 'of equal altitudes (sometimes lines of
equal altitudes), PRV for short.

! .

If a navigator has measured the alti:tude of some heavenly body and is familiar
with the approximate region in which he its located, then, by plotting on the chart ‘
a straight line of equal altitude, he is Lble to ascertain that he is situated at
one of the points of its segment correspo!nding to the region of his probable locus.

Let us examine the currently univers!ally accepted method of plotting lines of
equal altitudes on charts, representing a.! modification of the method proposed by
M.AAkumov (see Section 8).

Let us designate by ¢ and )\ the approximate latitude and longitude of the

p
fix of the airplane., Let h stand for the star alt:.tude measured at the instant Tp
34__

—] and corrected as necessary (see Section 13) Let us then compute for that very in-
36__}

— stant the altitude and azimuth of the star hy, and A for the point on the Earth's
38— !

— surface with coordinates ?p and A P which iwe will call the computed point.
[

«== Lot us assume at the beginning, that hy = h, i.e., the calculated star alti-

|
tude equals the measured altitude. This indicates, that at the instant of measure-

] .
ments the altitudes of circles of equal alltitude, and hence also the straight line -
of equal altitude on which the airplane is situated, passed through the computed

i

in the following manner. i

equal altitudes is plotted on the chart

. . \
St e e N AT N L e

pointe In this case the straight line of

As noted before, it is possible to dépict straighsz lines of equal altitudes as

tangents of the arcs of circles of equal altitudes. But tangents are always

G WY Y B a

!
|

_lil8_

AT WP be B DI BRAT LT DI N T

e ATERRT
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perpendicular to the radius of the circle,.and the radius of a circle of equal alti-
|

tude connects a point on the arc_of the circle with its center, that is with the gM

{
_iof the star. In consequence of this the direction of the radius coincides with the
I

_ldirection to the @1 of the star and the ii-m”'e‘of ‘equal altitudes proves to be per-
pendicular to this direction. But since :the azimuth of the star at the computed .

_| point is known (computed), the azimuth determining the direction of the line of

£ =
(b v e b e e et e S = S e .

_] equal altitudes is also known; it equals A + 90° (or A — 90°) where A is the com-
puted azimuth of the star. |

Figure 136 depicts part of the Earth's surface; C is the geographical fix of a
’ |

—— heavenly body; B is the computed

point; and the dotted line NS is the

meridian, passing through that point.

Let us plot from this meridian in the
necessary direction (that is, from

point N to the East) the angle NBM,

equal to the computed azimuth of the
heavenly body A. Then the line
BM (a great circle arc on the
Earth's surface) indicating the

direction to the heavenly body,

] i i ‘ must pass through point C, i.e.,
Fig.136 ~ Part of the Earth?s Surface |

through the GM of the body. CB
in such cases will represent the spherical radius of the circle of equal altitude

D P DN T S LA T

point B. MNow we plot through point B a s;'cmight line KL, perpendicular to the.

1

of the heavenly body having its center at’ point C and passing through the computed !
! i

|

I

J{direction to the heavenly body EM. :

This line will be the line of equal g.ltitude of the body, since, obviously, it

|
%,
represents the tangent plotted from point B to the arc of the circle of equal ;

TR I TRE
Crgaoni e Se N et ML Tter N KRR 0
Il A

¢ moniary o r s & .
R A

Décléésifi.ea. |n F’art; Sanitized Copy Approved for Release @ 50-Yr 2014/03/14 : CIA-RDP81-01043R003200140002-5




Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/03/14 : CIA-RDP81-01043R003200140002-5

PR~ PN G S
-t h

. e—

e

hh e —
v o s

O <

e

‘perpendlcular to the radius of the circle, and the radius of a circle of equal altl-
f

_; tude connects a pomt on the arc of the circle with its center, that is with the GM

4| | ;

5 of the star. In consequence of this the |d:Lrect;:i.on of the radius coincides with the

_I'direction to the GM of the star and the lIi.YzE ‘of ‘equal altitudes proves to be per—
8

. b s it s e

pendicular to this direction. But since the azimuth of the star at the computed

point is known (computed), the azimuth determining the direction of the line of

3
2 e s Gt o e R st

_1 equal altitudes is also known; it equals ‘A + 90° (or A - 90°) where A is the com-
puted azimuth of the star, |

Figure 136 depicts part of the Earth's surface; C is the geographical fix of a

—_— } heavenly body; B is the computed i

meridian, passing through that point.

Let us plot from this meridian in the

h{ point; and the dotted line NS is the
1
1
1
1
I

necessary direction (that is, from

point N to the East) the angle NBM,

equal to the computed azimuth of the
heavenly body A, Then the line
BM (a great cirtle arc on the

Earth'!s surface) indicating the

direction to the heavenly body,

o | mst pass through point C, i.e.,
Fig.136 — Part of the Earth!s Surface
. through the GM of the body. CB

in such cases will represent the spherical radius of the circle of equal altitude

!
of the heavenly body having its center at point ¢ and passing through the computed

point B. Now we plot.through point B a straight line KL, yerpendicular to the
1
directlon to the heavenly body BM,

: :
}
This line will be the line of equal altitude of the body, since, obv:.ously, it

represents the tangent plotted from point, B to the arc of the circle of equal

i P

!
|

| : ST?T
59_ ) {
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altitudes EF.
| Now let_us assume that hy. is not equal to.h, that is,-the_calculated altitude—

is not equal to the measured altitude. T%lis indicates that the circle of equal

-altitude, at which the observer is situated, does not pass through computed point B.

B {
In case h is greater than hy, that circle mst be situated nearer the GM of the .
' I
star than the computed point B (Fig.136 depicts the arc of such a circle, EtFt). It
is obvious, the line equal altitude K'I? in this case will also prove to be dis-
]

placed in the direction of G of the starl It will be parallel to the line of
[ ]

[
i
|
!
i
1

equal altitudes KL, passing through the computed point, since both KL and KtL? are

| i
perpendicular to the direction of the G{ oi‘ the star at B¥. The distance of the ‘
{
line of equal altitudes K'Lt from point B will be equal to the difference between

the measured and the computed altitudes o:f.‘ the star, expressed in kilometers

(assuming that 1t = 1,852 km), i.e., BB? |= ph =h - hy. This is obvious, because
BB? represents the difference of the radr:L of the two circles of equal altitude, of
which one corresponds to altitude hb and the other to altitude h.

If the measured altitude of the star is less than its computed altitude, the

line of equal altitude would be displaced in a new direction, the reverse of the

Ty e RAR

direction to the star.

The following table aids a better memorization of the rules of the displace-
ment of the lines of equal altitude depending.on the sign (plus or minus) of Ah.

)
Measured Altitude Ah positive Line of equal altitude
larger than computed ! displaced in the direction
altitude: Ah =h - hy >0 to the star

B N O D A el TA T S

h > hy i

Measured altitude less Ah negative Line of equal altitude
than the computed alti- i displaced in a direction
tudes = h - opposite the direction to

: the star

S ag kb s

h<hy

iall

TR S A T T TR LT R T SR RN TR
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Thus in order to be able to plot a line of equal altitude on a chart, it is

 necessary to_knows the approximate c coordinates_of the _f_ix_pf_the__airplane_cpp and __i

A, the azimuth of the heavenly body A amlzl the difference between 1ts measured and |

. "'p?
computed altitudes Ahe. The two latter factors (A and Ah) are caJled “elements of the

line of equal altitudes. Their de’r.enninatlon is the most dn.ﬁ‘lcult part of the work
of a navigator using astronomical methods of air navigation. Examples of calcula-
tions of the elements of lines of equal aI‘Ltltudes and of the plottmg of PRV on °

charts are given below in Section 1k. ;

It is necessary to keep in mind, that the greater the length of the line of

equal altitudes plotted on the chart, the! greater is the error resulting i‘rom the
replacement of the arc of the circle of el;ual altitude by the tangent to that arc.
If we set the allowable value of this erzl)r at 3 km, it is possible to calculate
the length of the line of equal altitudesl; at which this error is obtained for vari-
ous values of the altitude of the star (t{w greater is the altitude of a star, the
greater the curvature of the circle of equal altitudes).

The results of such calculations are; presented in Table 5.

Table 5

Star Altitude 2o°i

Tength of the line of equal i

e
2,
S
I3t
B
4o
3y
o5}
2
g

e d e

)

- in k™

Ha.ltitudes in km. (In a side from l

the direction to the star.) 321+i 213 148 118 82

‘ }
In practice the measured star altitude rarely exceeds 60°, therefore the allow-

!
able length of the line of equal -altitude can usually reach 150 km.

11, The Aircraft Sextant

|
r_.___.I'h\e_s_o:sziet—._pI\':duc_e,d“a:i.r_cra.i"c, .sextant_is a goniometric_instrument_provided with!

56_lan artificial vertical leveling attachment and an automatic integrating. sight ..~
: |
STAT

,
3t g 8 eIy e Ay £ YR NS U g Rl o
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W
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\averager. Its principal purpose is to measure celestial a.ltltudes in flight.

:l__lLthLﬁm&ot making measurements, 1‘:.he reys coming from the flashlight- or ~'
4
! daylight-illuminated bubble level (1) (Fig.137), on being reflected in a f:.ve—sided

prism (2), strike the so-called collimation lens (3), from which they exit in .

parallel beams. Proceeding through the principal (slightly silver plated) mirror
!
(&), the rays strike the eye of the observ‘rer who sees the bubble of the level and at

- o ' L. N N
e
®

the same time the star which is reflected:from the principal mirror.

Pig.137 - Optical 1'?1agram of Sertant
| | .
When an observer turming the knob (5)‘ of the sextant (Fig3138) tries to obtain

i
"~ lan approximate collimation of the star wit[,h the bubble level he links the limb of

._|the sextant (6) with the averaging mechanism by means of a special attachment term-

_ﬁed rocker amm (7) and tries to get the exal.ct collination of the star with the cent-

)
Y A AR Vb N URT Wr i T 3-8 Lalnar S S Ty
A <

_.jer of the bubble level. !

| ® .
Thereupon the observer presses the release lever of the timing mechanism of
!

" lthe sight averager (8) and in the course 61‘ all of his work he tries to keep the

54_lstar_in line with 1 the center_of the. bubble;. Upon_completion of operation. ofmthe_____“
i

I B a2 Mot \ O L. | 7 L ¥

56 __itiming mechanism, t the_observer._records. the time and takes.a. reading of_the altitude.
]
) . STAT

22 . \
L_ ?
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of the star taken down from the goniometric drum and from the scale of the sight
‘averager. The minute scale of the averager applied against the drum rotating about
the horizontal axis. Its reading is
taken in the usual manner by means
of a fixed index. The graduated
scale of the sight averager is drawn
on a disc having a vertical axis of
rotation. This disc is divided into
six sectors numbered in the middle
1, 2, 3, 4, and 5, respectively.
Reading of degrees is made according
to the number of the sector to which
the fixed index will point. The
ultimate value of the measured alti-
tude is obtained as a result of com-
piling four calculations; calcula-
tion of tens of degrees on a small
special scale, calculation of the
Fig.138 - Aircraft Sextant
degrees on the limb scale (in line
with the am of the rocker) and two readings of the minute and degree scales of the
averager.

The observer should turm special attention to the regulation of the dimensions
of the bubble which is made before beginning the measurements of the star. If the
bubble is very large, this reduces the accuracy of measurement (since it is more
difficult to determine the center of the bubble). If, on the other hand, the bubble
is excessively small, it is very slow in moving into the field of vision and,

besides this, it may suddenly disappear entirely (owing to the expansion of the

Declassified i - iti
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0

- Various observers have the habit of using bubbles of various size, but most
Q'A_O_rj..e‘g , the bubble dimensions a.re_regula.ted’_sg that its diameter equals approximately
"1 one third the side of the square which is‘ seen in the field of vision of the sex- ;

—~ AN AN A

o) (D) Pl
YAANCEZEAN I VAR S

2 | D) i

Fig.139 - Correct and Incorrect Aligmments of the Bubble
i

a) Correct alignment b) Incorrect alignment

in the Field of Sight of a Sextant
|

During the conduct of sextant measur‘ements it is possible to coincide a celes-
tial body with the center of the bubble both inside this square and above and below
it (but not to the right and not to the i‘rft of it). Figure 139 depicts two cor-
rect and two incorrect collimations of the body with the bubble in the field of
_{vision of the sextant. i
During observations of the sun, the |gfla.re of its rays is weakened by the use

__|of moderating filters (9), and the bubble is illuminated through frosted glass (10)

_ (see Fig.138). For illumination of bubble level during night observations the

sextant for the purpose of reflecting the rays from a lamp placed under cover (11).:
!

The averaging scales are illuminated by another lamp which automatically switches
on as soon as the timing mechanism of the averager stops working. TFor illuminating‘
|

the scale of tens of degrees and the limb scale there is a third lamp which is

—]
52— switched on by pressing button (12). The la.mps are driven either from the electri-.

!
__{frosted glass is removed and in its place a tube with a mirror is inserted in the
l \

-

54 _Joal-system-of -the-airplane-or-from a dry ceJl vattery, enclosed in special small.

‘.
|

56 _chamber_a.ttached._to__the_sexhant. e e e e -

l .
_L‘%_ _ STAT
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‘ Observation of the bubble and of the celestial body is made either by the naked

9 : ;

:Leze or through the_eyepiece (13) which is constituted by a half of a theatre lorg-.

4_ f !
—inette and provides a magnification of 2.2itimes. This eyepiece has a base insert-

61 e e - R

able into a socket situated on the left r\‘aa.r part of the sextant.

8.

10 —

During night observations, in order not to err in the observation of a celes-

tial body, it is advisable to observe the body first in the rays passing through the

12 .4

14

main mirror (the bubble is observed in thf.s case in the rays reflected from the '
lower plane of the principal mirror) to obtain its approximate collimation with the I
_|bubble and only thereupon to begin the oblserva:bion of the body through the eyepiece.,
The basic virtue of the sextant qliesjin the possibility of using it to measure |

!
the average values of star altitudes during more or less prolonged intervals of

: i
time amounting to 40, 120 or 200 seconds,lrather than measuring specific star alti-

tudes foi‘ specific instants of time. Thls characteristic is not very important
during ground operation of the sextant butt: in measurements of star altitude in
flight it serves to obtain much more accuz?'ate results than are obtained with the
aid of sextants having no automatic sight'averagers. This happens because in flight

a basic source of errors is the accelerations experienced by the airplane. No

matter whether a pilot flies his airplane!with or without the aid of an autopilot,

the altitude, speed and direction of flight are bound to vary somewhat. Because of
this the artificial vertical of the sextaxixt, the index of which is constituted by
the bubble ceases to coincide with the naf.ura.l vertical and the measurement of the
altitude of a star is obtained with some c!armr. Since most of the accelerations

experienced by an airplane are compara.tivély short-lived and do not exceed 30 - 40
!

secords, then the average of the results of the measurements of the altitude of the
!
star obtained for the period of 40 seconds proves to be more accurate than separate

I
measurements the errors of which can reach 1° and sometimes even more. '
i ' ]
During the measurements of star altitudes from the ground the use of the sight :
: |

averaging device gives an insubstantial increase in the accuracy of the results of

|

.J.2;5~ ST?T

Rl v ey

T e R T T R LR T L e R I

UM e
. ; L -
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_ling is done with the averager mtched off, the measurements of the altitude are _ _

o !

I :
derived only from the scale of ten degree? and from the limb; to these readings it
i

s necessary to add 3%, This corrects the systematic sextants error created that
the readings of the scales of the averaging device would be always positive,

It is also necessary to remember tha‘}: a change in the interval of continuous
operation of the timing mechanism of the ;a.verager (which is achieved by turning the

screw passing through the 1id of the mechanism) is permissible only during the

|
|
|
|

i

_| operation of the timing mechanism, since otherwise its clock lever system might be |
|
damaged.

12, The Determination of Sextant Corrections and of Accuracy
|
of the Measurements of Star Altitudes

Any measuring device serves to obtain values of the parameters it measures
with accuracy that is no better than the accuracy of its scale. However, the real
accuracy of the device may prove signific:imtly lower, since the conduct of measure-
__|ments with its aid usually involves errors of distortion, some being transient ard
varying in both the value and the sign, and others being constant in value and
] therefc‘r:e being temmed systematic ermrs.‘g

|
The aircraft sextant has scales serving to take readings of the measured star

sty

40_laltitudes with an accuracy to one minute of the arc. The actual accuracy of star

o

Ty ST A e

|
49_laltitude measurement in flight is at least three times lower. The basic reasons

A

|
44_|for this are the accelerations experiencec,i by the airplane, which we already dis-

45_'cussed in Section 11, and also insufficiezixtly accurate collimating of a star with

o g
R

Sigiides

Y

48_lthe bubble during the measurements. But ('laven if this lowered accuracy is to be

—

T ae M ierewt YL Pt b &~ D U e AR e B e 1.5 0
- .

g owp D
Ao L,

{
50—l reached the airplane navigator must correct the measurements of the altitude for
i

52— systematic errors of an instrumental character, and also for the errors resulting

—

54.. from-a-number-of-reasons-which-are-described -in Section 13 «—In.order.tc enter such.

55_..corze;ctions,_the«navigator,..obviously, must know.the importance of .these errors,-. ._.;

STAT
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which he can learn with regard to aimost all errors by studying awciliary tables.

An exception is constituted by the systep:;a_.i_:;q error in_the readings of_ the sextant

1
; itself, which the navigator must detem:lnfa before the flight.

This error is the sum of two errors Si “The instrumental error stemming from in-

i

correct alignment of the lubber mark on the minute scale; and the personal systema-
!

tic errors of the observer, who on account of his own particular vision may not ;

i
line up a celestial body with the center of the bubble but with a point situated !
i . i
_| somewhat below or above this center. Thef reverse value of the systematic error of ,
' |

sextant readings, representing the difference between the true value of the alti-

_| tude of the body h and the measured altitude hi is denoted by the letter ¢ and is

called sextant correction
[ ]

=h—h. ‘ (13)

It is obvious, that if the correction ¢ is added to the measured altitude hj,
then the value of the true altitude h w.ng. be obtained.

The dependence of correction c on the personal error of the observer requires
_{that its determination be "made with the hglp of astronomical measurements and that
precisely by the na.vigator.l- who will be using the sextant in flight. This correc-
tion may change with the passing uf time,:and therefore its determination must be
repeated (at least once a month). .

The simplest method of determining tge error ¢ is based on measuring tht; alti-

' !
tudes of stars near the moments of their culmination. Since at the moment of upper

i
culmination of a star its hour angle equals zero or 360° , then on the basis of

eq.(9) we ;fill obtain: ' ;

1
to

fy=—360°—\ ' (14)

From eqs.(3) also and (10) it follows that
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S,.=-a—l. o (15)

; - —_— -

|

Using formlae 14 and 1_5_;;’9_'1_8.p?.sgi.bis,ﬁtzpoaselyir_lg_vci:ch_the;lle_l_p. of the AAE

the converse problem (see Section 6, example 3) to determine the moment of upper
!

culmination of the sun, the moon, planets', and stars. But the altitude of any of

__| these celestial bodies at the moment of iJcs uppér culmination can be calculated

from eqe(4):

h=90°—¢ + 8.

The moment of lower culmination of e.rlly celestial body can be found with the
: help of the formulas tgr =180° - A and Sl'gr = 180° + o« - A, while the altitude of
the body for this moment equals h = @ + 5'- 90°. .

Since the altitude of a celestial body near its culmination changes very
slowly, its measurement can be made for at least six minutes; three minutes before
and three minutes after the calculated monlxen'b of culmination. To increase the
accuracy of-measuring the altitude of the|body the measurements should be repeated
twice or thrice during this interval of time, and averaged out. After the measured
altitude will be corrected for refraction (see Section 13) the sextant correction ¢
can be obtained from eq.(13).

Fxample 9. Determine the sextant correction ¢ by measuring the altitude .of
—qthe sun at the moment of its upper culmina‘.tion on November 4, 1952. Geographical
coordinates of the fix of the observer are: ¢ = 56208t and A = 38°12fE. The
moment of culmination is to be determined for the third time zone.

a) From eq.(14) we calculate the Greemwich hour angle of the sun

t or 360° - 3%°12' = 321948

i
f

b) Using the AAE, we solve the converse problem and find: the Greemwich hour !
!
g"”’="9“h¥57'11‘m1n'"T“é‘r”'fé‘f the third time ™

angle of the sun will be at the momeént T
®

b A b e BRI X R e At s

b S e et Es due s e e KSR e S 3TN

f

e
T TSR I Ty T 4.,:.’:':':—'":«»1.-'.‘%:3.—57::;;"
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-+ zone at the moment Tp = 12 hrs. 11 min. ‘

1

_L____c).Wr,i.te_down, from the AAE the declination of the sun for the moment
4.
_iT,. =9 hrs. g

y BT
S :“_Il’gobj;f’“

-

d) From eq.(4) we calculate the altitude of the sun at the moment of its upper ‘
. l .

culminations . !
. h = 90° - 56°08¢ - 15%24¢ = 1828t ' ,
e) We ﬁea.sure the altitude of the sun near its moment of culmination with the ‘
: aid of the sextant. It proves to be equa.:ll. to 18°351, :
£) We correct the measured altitude for refraction (see Section 13), and |
obtain

n; = 18351 - 3t =18°32!
g) From eq.(13) we calculate thé sextant correction

¢ = 18%287 {18932t = 4!
In another-methed sextant correction|is determined by plotting one or several
Iines of equal altitude (PRV) on the c;hart and measuring the distance between these

!

lines and the locus of the observer.

If the sextant correction was equal zero, the altitude of a star measured
with the relp of the sextant would differ from the true altitude only by the value

of the random error of measurement. In this case the PRV plotted on the chart

would almost exactly pass through the loctlls of the observer. At a positive sextant

. |
correction the measured altitude of the star should, obviously, be obtained below
i

i

5

-
PP Y SO IO S R L APEEY
PRSP AT AT kPN T -

i
the true altitude, so that the PRV will prove to be displaced relative to the locus
. ! !
of the observer in the direction opposite the direction to the star. In case the .
sextant correction is negative, the measu%'ed altitude will exceed the true one and

the PRV will prove to be displaced in the direction to the star. Thus by the |

direction of displacement of the PRV it is possible to judge t the sign of sextant

correction, and the value of 1_:_hj:§_cp_xz'_eg§_io_1:1_.qoul_<i__ be compared to_ the _arithmetic "

STAT -

s
R 1A L

i
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minutes of arc (1! = 1,852 km ). This is ullustrated by the following example. _

-

poiiit'i"(F'ig’.MO)’a}“xd'iet lines lel; )

K2L2 and K3L3 be three PRV!s. Assume

Let an observer be located at

D Mamles g e

that each of these PRV's proves to be

displaced relative to point B in the

direction toward the corresponding
star, i.e., that in all three cases
the measured star altitudes proved to

K .
! b N | |  be higher than true altitudes. This,

Fig.140 ~ Determination of Sextant . obviously, indicates that the sextant
Error gives an exaggerated value of altitude,

i.e., its correction must be negative.
]

__|For determining the value of correction it is necessary to measure the distance
from point B to each of the three PRV's. ,Let BD; = 8 km., BDy = 12 km and BDg =
13 km. Since the arithmetic mean of these distances equals 8+ 1§ + 13 =11 ¥m, |

.
O S L MR A0 M S Ml et

which in units of arc gives approxjmatelylé', then the sextant correction obtained

equals ¢ = -6, il

T

Every navigator should be able to detemlne the accuracy with which he himself
! .
or one of his subordinates measures star altitudes on ground or in flight. In

i
other words, he should be able to determine the mean value of random errors obtain-
i

ed during measurements of star altitudes. This is usually done on the basis of ]
i

8 -~ 10 measurements of the altitude of a star situated not especially close to the °
- !

PRI L s AN S

moment of its culmination (at least at a distance of one hour). l

it

i " The order of calculation of the mean value of random errors in measuring star
altitudes in flight is shown in the following example. )

Example 10. At the®time of a flight executed at a stable flight mode, the

3
.

-130_
1
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0
_Insvigator performed eight measurenents of a star at t noted instants of geasurenent

2

|
with an accuracy to 1 minute (columns 1 a.nd 2 in Table 6)._Find the mean value of )

random error in measuring the altitude of }t‘ne star.

‘rab]'.e (3

. .. Related
7hrs S3min— Tp Correction Altituds

+68™" +48° 12°36’
+4,8 +34 12 38
+23 12 35
+12 12 34
—4 12 32
—16 12 33
- =31 12 36
—43 12 39

WO WRN=WS

7hrs 53 min .— ) @rithn?eiric mean 12°36’ + 19

a) We take 7 hr. 53 m. as the basic ms»a.nt (it approximates the mean instant

and is expressed in whole minutes) and we calculate i‘rom this the instant of measur-

"ling the altitude of the star (Column L in!'l‘able 6).
b) We find the arithmetic mean for the first three instants of measurement and

“lthe first three measurements of altitude; we obtain Ty = 7 hrs. 48 m. and h; =
= 12°01¢. . “

We proceed analogously in relat;on to the last three instants and last three
altitudes, and we obtain T, = 7 hrs. 57.2 m. and hy = 13°06'.

¢) We calculate the per-minute vanatlon in the altitude of the star Ah (that
| .
i3 the variation of.the star altitude for one minute); for this we use the formula

}

LTl T TR e T LTk e TN I e SO S
A A Y eaf ) T Vs "

o e Thy—bhy ‘13°06"_— 12°01°
; VUL T 9,2

d) Multiplying Ay by the difference (7 hrs. 57 me - Tp) we find by rounding to

= + 7,1

|1t the correction for the measured altitudes of the 1star (Column 4, Table 6).

~ e) Summing up these Sorrections.with the measured star altitudes we obtain the |

oo —ominns A o —a o s == . R T 2l

13‘1_ STAT

'
+
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0 Y e e e e e e
_ialtitudes reduced to the basic instant 7 hrs. 53 min. (Column 5, Table 6).

£) We calculate the arithmetic mean of the reduced altitudes of the star; it__
: ‘ ;

g) We find the absolute values of the differences between 12°36! and the indi-
" |vidual cited star altitudes (Column 5, Table 6); these differences may be considered
as the random errors of the various measurements of star altitude.

h) We fiﬁd the aritbmetic mean of these differences, constituting the mean
: i
value of random errors in measuring the altitude of the star; it equals 2119 (the

}
sign of random errors is not known). !

Let us explain the pertinency of thelsolution cited in example 10. The measur-

. | !
_led altitudes of the star were not obtainec} equal, first, because the altitude of any,
celestial body changes with the passage of'_ time, second because of the movement of
!

the airplane in the meantims and thind, ozgdng to random errors in measurements of
the star altitude. To overcome the first:two causes, all measured star altitudes
__|should be related to a single (basic) inst!.a.nt, whereupon they will differ from each
__lother only owing to random errors committed by the observer. In oxder to obtain
_'i’.he mean value of these errors the arithmetic mean of the related altitudes is ta.ken!
__|{for the true valu:a of the star altitude at the basic instant. The differences be-
tween this arithmetic mean and the individual values of related altitudes are assum-
ed to be the random errors in measurements. )

1
As can be seen from the given conditi‘ons of erample 10, in order to detemmine

the accuracy of in-flight measurements of star altitudes it is not necessary to

know the region of the flight nor date of flight, nor time corrections, nor sextant

corrections. - If the flight is at night tﬁen it is not mecessary to know what star |
t

is measured in altitude. The sole conditi‘on which must be met is the maintenance of

a stable mode of flight.* (For footnote, :%ee next page.)

It is iaossible to use this method also for detemmining the accuracy of measur-

ing star altitudes from the ground. In this case, however it is possible to find

[ P e emem e e e -

A32.

By

T X - " o
PRI 5 it S T S We R T Y TS B W e NP E R WO A
e TN B AT AL S s e ?

i v AR Fasbre o eSO de BT AU ARS RSB YD T s et ve b TRl La s B T 20T TN
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i
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N SRR R >z T %1 r L,:-' =] & T
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_} the per-minute value of variation in the measurement of the altitude of the star not
2 '

_! from the_results received_in measuring but_'by__means,.of_a_calculation--(since the.
4t ' ! |
—} observer does rot change his position on the earth's surface). Table 7 gives the

6

_| approximate standards of mean—e—r"r;ré—‘:n?’a-.‘;ltitude measurements on the *asis of which

8 :

_| it is possible to evaluate the skill of a pilot in measuring star altitudes from
t

the ground. P

\
Tab}e 7

Satisfactory Good Excellent

Celestial Bedy -

Mean Value of Rardom Errors in Measuring

Sun, Mcon, and the Brightest Not more than. Not more than Not more than
Planets 22t j1.5 1t

{
+
3

“aet

»
et bt o 280 b

ek Vibraater by oot -

P

¢
Not morle than Not more than Not more than
12t.5 ¥or .5
| .
|

In measuring the altitude of a star in flight it is difficult to determine thei

-l Ceewn
"

ae

Ca S
D i‘ R "
-~

'
Bse e

scope of mean errors, which in some cases may characterize the skill of a navigator,

A El b

in conducting altitude measurements. It is possible, however, to assume, that dur-"
i

ing the absence of nrlutter” of the airplane, the mean value of error in measuring .

.~
o

B

“lthe altitude of a star in flight should not exceed £3'; for a good appraisal of the X
42

jmeasurement, the appropriate limits of mean errors may be accepted at I, and for
44

i
{
_la mediocre one, at 6%, ’ l
|

K

JREIEL PO

"

’

P T R TR U 2 o A NS
o

r
o7

i
|
|

L0 e, RPATSHTY BT m kA e ol St

o rbmats faile o o

PP &

*The data cited in example 10 pertain to a flight occurring on September 23,

,1949_,in,the_‘x:egiqn_azpund Kirzhach; the celestial body is the sun, the airplane is _

: ‘
ez 14 15-2. and the sextant is a IAS-l.. . . i ‘

STAT i
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313, In-Flight COrrectlon <f Star Altitudes

The airplane_navigator, on having mea.sured in, i'light the_altitude of any celes-

i tial body, must correct it for various systema.tlc errors i.e., enter into it the .
'

appropriate corrections. We alrea.dy descrlbed in Section 312 the sextant correct:.on
|

, which- the pilot must add to the measured altitud® with its sign; we will now pass

over to the examination of other corrections.

®
The correction for the refraction of the Earth!s atmosphere r is introduced
i

_| into measured star altitudes in all cases both at ground and é.t in-flight observa-

_ltion. It is caused by the bending of the‘ light rays of heavenly bodies in the
|

Earth!s atmosphere. The value of this co;recticn is i_ncreased with a decrease in

“Ithe altitude of flight H and with a decre‘!;se in the altitude of star h. Correc-

|

tions for refraction always must be computed from the measured altitude of a star.
|

Table 8 gives the values of corrections for refraction for flight altitudes up to

15 km.

-Flight Altitude
L~ in km.
Measured
Altitude of
Celestial Body

T RPN
~

o
<

QOO N W=
OB WN—~Q
DN BNNO=Q
N W N e O
B B O BRI B v e

O CO BRI B b+t bt b Q
R et e e O O Q

’

Corrections for displacement of the airplane E is entered into the measured

B I s v s L P e 5 terioeo e R e Age?
—

star altitude in those cases when the navigator makes the fix of the airplane by

Eil ey

lplot'l;:_ng tvro astmnomlcal lines of position on a chart. Since the measurements on
.-—i
5:_ithe basis of which these . lines were plotted were made at different times, the pnlot

rallelwise displace one of the lines on the chart in accordance with
STAT

+
.
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—the track angle and ground speed of the airplane, and also in accordance with the

jt!une interval between the two measurements of _star altitude or introduce a correc-

4
—Lbion into one of the measured altitudes (usually the first) in order to relate it to

the instant of measuring the altitude of a.nother “star.e This correction ma.y be cal-

culated by the formulas |
E—=0,009W (T, — T;) cos PP, ' (16)
| : .

!

where W is ground speed in km/hour.

T) ard T - are the instants of measurmglthe star altitudes (the formula stems

from the assumption that correction is introduced into a star altitude
measured at instant Ty); !
FP - track bearing of the star, i.}a. , the angle between the course line and
the direction to the G of thtie star.
Tt is not difficult to realize that the track bearing of the star equals the

distance between the azimuth of the star al.nd the track angle, i.e.

[‘ R PP -—A PU. o (17)

In order to free the navigator in flight from superfluous calculations, the
— l
correction E is not calculated from eq.(16), but is taken by him from a special
I
table compiled for this formula on the assumption that the time interval Ty - Tq

i
equals three minutes (see Table 9). If :m reality this time interval proved equal i

not to three, but two or four minutes, the tabulated value of correction would have
l

to be increased or decreased by 1/3. The correction for E is the greater the great—
1
1

er is the ground speed of the airplane and the longer is the time interval T, - Ty

. '

and also the closer the track bearing is to 0° or to 180°, At track bearings close
i

to 90° or 270°, this correction changes to zero. If a track bearing ranges in in- |

tervals-from 0°-to-90°-or-from 270° to 360°, correction E is positive; if the track

P

.
Rie
e

o BT ot o S s
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—_{bearing is between 90° and 270°, correction E is negative.
2
{ Example 11. W_= 450 km/hour; PP, = 205°, T, -.T; =4 minutes._Find correction

E for corrected altitude of the first star,

- - R - - .‘_ — - — - - - - —— v - - -
The tabulated value of the correction equals — 11t (see Table 9) and since the
_| time interval is not 3 but 4 minutes, then E = - 117 - Lt = - 15¢,
1

The correction for the lunar parallax p, which is entered into measurements of '
! i
| the altitude of the moon, is necessary because in the AAE the equatorial coordi-

: l . ‘
nates of the moon are given on the assumption that the observer is at the center of

_| the Earth. Because of this, in orxder for astronomical calculations to be made cor-
| .

_| rectly, the altitude of the moon measuredlby the navigator must be related to the

_| center of the earth. This also is the sense of the correction for the lunar

para.llax .

The value of correction p is the greater the lower is the altitude of the moon
| s

. ! .
and it changes somewhat one day to a.nothef. Therefore it is given for each day in
the AAE, The greatest value of this correction when the moon is visible at the
|
very horizon) varies from 54t to 61'. Correction p is always added to the measured '

__]altitude of the moon.

.
!
3
T

Beside the above-described corrections, the in-flight measurements of star
altitudes have also to be modified by the correction for the rotation of the Eé.rth, ;
which affects the position of the a.rtific::.al vertical of the sextant. However, it

i
__!is possible to proceed otherwise by not entering this correction into the measured

star altitude and, instead, after plotting on the chart.the astronomical line of
position, displaciné this line in a definite manner. ) :
In Fig.l4l the straight line CD depi:;ts the course line; KI is an astronomical!
line of position, plotted on the chart wi‘jthout considering the influence of the

Eafth's rotation on the resulting measurement of the star altitude. Knowing the

ground speed W and the latitude of locus @, the navigator of the airplane must find

-—%i‘rom a special table the correction for the Earth?s rotation as expressed in 1f1]_.o—

T - STAT

oL
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“imeters (see Table 10). Cn establishing a.iperpendicular 1ine at one of the points on
2 | ]
| the course line L{qx_-,gx_ample_at_the_pointf_pf_ intersection of_the course line with

j the astronomical line of position) the na.xlrigator must plot on this perpendicular a

— e

segment CE to the right of ’éhe'&”iiéé?i‘éﬁ‘??‘thé’é’i’fplaz?é@ travel., This segment
should equal the determined correction. Thereupon a line K'L! should be plotted

across the end of segment CE parallel to the astronomical line of position plotted
]

on the chart. The airplane should be located on this new (displaced) line at the
|

moment of measurement of the altitude of the star by the navigator.

|

Py

If on the chart there were plotted not one but two astronomical lines of posi-
|
tion, it is not necessary to displace eac}} of these lines separately. Instead, it

|is possible simply to displace their point of iniersection, i.e., the fix of the

. . . N
e e § i timrasmts mas B s ¢ ot ek e

I
airplane made on the chart in a direction perpendicular to the right of the course

_l1ine by the value of the correction taken; from Table 10, As is seen from t};is

table, the correction for the FEarth's rotation must be the greater the greater are

the ground speed and latitude of locus of the airplane.

Table 10
CORRECTION FOR EARTH!S ROTATION
|
(in kilometers)

| Latitude of Lscus

50°

st gt
PO TSP

2 st e SOl

QWO NN

[

- .
S WP U D

NN AW
W~ hnael

- - - - PR

___Tt_must_be kept_in mind, that if the flight is executed in the southern hemi-

o SMIA L SN e © i

sphere then_the displacement of the astronomical lines of position at the introduc-
v STAT
-138. .
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..%‘.-.iom oI corrections for the Earth's rotatil.on mst be plotted not to the right but to,
2 i |
 the left_side_of _the line of_flight. '

Fig.l4l - Displacement of the Line of Equal Altitudes
Owing to the Earth?s Rotation
14. Determining the location of Airplane in Flight with the

|
- Aid of Astronomical Measurements i

If on a chart there are plotted two astronomical lines of position, the fix of

the airplane is obtained at the point of their intersection. But if it is not
possible to draw the second astronomical line (for example, in daytime flights,

when for the most part it is possible to measure only the altitude of the sun) the
: ? n .

. '
locus of the airplane can be obtained at '?he point of intersection of the plotted

astronomical position line with a reference line or with a line of position obtain-
!

ed with the aid of radio technical means, ' However, the single astronomical posi-

tion line can serve both for controlling tl,he course and for re-establishing orien-

tation. %

In Section 10 we have seen that, in c:uder to plot on the chart a line of equal |
1

43 _!{a1titudes (which is the principal astronomical line of position) it is necessary to,
[ L
50-iealculate its elements — the azimuth of the star A and the difference between the
* 1

S?ﬁ;easured and the calculated star altitude Ahe Let us examine the two most often

B L R T D T S O IE N A .
S >

Pt

-

f

52 —used-diagrams-for-in-flight calculation of elements of lines-of equal altitudes. —

— '
H

N Y VN §
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The calculation of the elements of only one line c¢f equal J altitude is standard

L T e %

1
1

2 -
sin the daytime and we shall examine it as rela.ted to the use of the TVA. _The oxder
4 T .
—_tof the calculations in this case is as follows- '
6t

T it D e 4 s 5

A tine oosid) s i shomer 4381

a.) To measure the altitude of a sta.r “the a.pprommate longitude and latitude of '
8-: the 1ocus of the airplane ®p and )‘p’ and “bhe sextant correction ¢, are recorded on |
10: a computing blank. . r .

12: b)- Having measured the altitude of tl'le star, write on the blank the true (i.e.,l
14: corrected for time) insta -t of mea.urin; the altitude of the star Tp and the measur-'
19 o altitude hy. . } : i

¢) Subtracting from Tp the spmopriate zone number, expressed in hours, obtain

-
- .

the Greenwich time instant T !

d) Take from the AAE the decln.na.tlon of the star 6, its Greenwich hour angle

(in whole hours for instant Tgr) and the correction of this hour angle for minutes

and seconds of the instant Tgr' \

| .
e) Increase or decrease the approximate latitudeA P in such a way that, when i
_|it is combined with the Greefn-rich hour angle, the local hour angle will be expresseci
in an even number of degrees; thereupon, calculate this local hour angle.

f) Find from the TVA the computed altitude of the star hy and its navigational

g) Correct the measurad altitude of gelestial body hy by entering into it the

sextant correction c, the correction for refraction r (taken from a special table)

1
—lazimuth A. ' \ ' i
|

and in cases when the moon is the celesti&i_xl body, the correction for lunar parallax
h) Subtract from the corrected measui‘.ed a.lti.tude h the computed altitude hg,
and thus obtain the difference in these a;}titudes Ah, which is expressed in ki_lc;-
meters. . : {

i) Plot the straight line of equal altitudes on the chart and displace it in

the necessary direction by the value of the correctlon for the rotation of the

— 'Earth.

i [

STAT

4

Y W T TR T TR R BT
HE NI T ks B AT TS i
7 o i 3
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— e s e vreus rumut - LY N gipiglinyprey
Example 12. On April 30, 1952, the !altltude of the sun hy 49930 was measu i
ed in the 31'd time zone at 14 hrs. 26 min, and 28 sece. and_the approximate latitude ;

i o SAE

-y

‘ % e | I
and longitude were o, = 50° and Ap = 33°;; sextant correction was ¢ A ; flight
i t

Tivary wan

altitude was H = 4200 m; ground speed was W = | 4,80 km per hour; and track angle

e B o ki s W B

PU = 162°., Calculate the elements of the line of equal altitudes of the sun and
B i
plot it on a chart.

P LR

S e 0N

CALCUIATION OF ELEMENTS OF THE LINE OF EQUAL ALTITUDES

April 1952 . Sextant Ne 32428.
wai 4§(r)llcm/hr . H = 4200m ; PU = 162°

Star sSun

14hrs. 26 min 28 sec.
—I"w — 3 hrs.

Tgr 11hrs. 26min 28 sec

t 345°4'2:
Corrq:cfion . 6037 .

(-] ’
2 33°41

3%0
‘ ) ' ¢ 26"‘5‘/)

o

+ 15°—10

49°30°
—
o

49°26’
48°59

+ 27" (+ 50 km)
o200 .

!

Displacement of PRV owing to rotation of the Ea.:o'th to
be charted at 10-km in the direction Aq = 252

- - ——-

Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/03/14 : CIA-RDP81-01043R003200140002-5



Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/03/14 : CIA-RDP81-01043R003200140002-5

" ihe plotting of the line of equal altitude on the chart is illustrated in

. !
rig.llﬂ e = . oot
l

Calculation of the elements of two lmes of equal altitudes is standard at

1 - L

33°F 38°E I5°€

51°

—
(2]
!

o
3
Lot

I

fu
o
L

SRR NENEEREE

*r
(8 <

L

(]
[+,

4 .
-88'=50km ; KL-PRB, dlsplacement due to
Totation of earth( Bc=10km). \

Fig.1l42 - Plotting a Line of Eq_ual Altitude for the Sun

(for example No.1l2)

:Ei
i

o g sae W kT s = p e S AR T

night flights. The order of making this calcu]ation is as follows:

a) Prior to the measurement of the altrbudes of two celestial bodies, write

-jlown on a blank the approximate longitude a.nd latitude of the airplane's locus, ¢p
46. |
d )Jp, and also the sextant correction c.|

o9

e g AN

4."?' !

e yet

50 b) Having measured the altitude of the first star, write on the blank the true

53 (i.e., corrected for time) instant of measuring the star altitude Tp, and the mea-
2~
sured altitude h;; do the same th:mg in the case of the second star.

b L U BNIpP

¢) Deduct from the instamt Tp the approprla.te zone number N expressed in hours, !
i STAT
l

|
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e el e

P L

O e JER ——
- and obtain instant Greenwich tims 'rgr.

9

S

1
!
i
i
i

-

T AERD

Q) Write down from the AAE the Greenwich sidereal time S .(Ioninstanta_’,tgr__.
4

_ expressed in whole hours) and the correction of this time in minutes and seconds of -

the instant Tgr.

i
8...4
—_— e) Increase or decrease the approx:mte longitude Ap sO that, when it is com~

~bined with the Greenwich sidereal time, we obtain the local sidereal time (for each

o i
-

__of the stars) exp“essed in whole degrees; nexb , calculate exactly this sidereal

ti.me . I

1-’: —
. f) Find from the TVAZ the computed star altitudes hy and their navigational

ST PRI JR 5 YIPE Y.

—_azimuths A, and calculate the track bcarmﬂ PP.. of the

o <8

3

e et I e
OO, W S DWE- WALV 3 R L rvS

BIR 1

" g) Correct the measured star altitude‘a hj, by entering the sextant correc-
Zition ¢, correction for refraction, and (in|to the measured altitude of the first star
- only) the correction for the displacement or the airplane E.

S h) Deduct the computed altitudes hy, firom the corrected measured altitudes h,

23—

;
{
K
1
3
1
4
:
t
3
<
]

__%thus obtaining the differences in these eleva.tions Ah, which are expressed in
30—
_kilometers.

RPN

% 1) Plot on the chart the lines of equal altitude and displace the locus of the

—airplane at the point of their intersection in the necessary direction by the value
36
.._lof the correctlon for rotation of ths ea.rt .
38— )

Example 13. On March 1, 1952, in thle 374 nour zone at the instants of

P T B

PR RIRI e S PR
. e ted A

e

20l
_«&‘Pl 3 h 07 m and sz = 3 h 10 m 40 8 the altitudes of two stars, Arcturus and

42_

jvega , were measured as 58°27 and 34°38', the approximate latitude and longitude

44 1

_a.t 9p'= 48° and Ap = 21,° , sextant correct:.on c = +2, altitude flight 4800 m, ground

' _speed W =450 lcm/hr, and track angle FU = 80° Calculate the elements of the line

452 .
-:of equal altitude and determine the position of the airplane.

50

—~; Determining the position of an a.:u'“lane on the chart is shown in Fig.l43.

-~{ As seen from Table L, sidereal time can also be used for measuring the altitude’

--of S‘Llll two othar sta.rs N Splca and Regulus, equa.l to 198 and 109 . Howsver, mea-
T o STAT

'

|

R v AN ,.—--.-«—,«—-«-aﬂg RIS TR T T
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¢ .

o

_ CALCULATION OF THE ELEMENTS OF TWO_LINES_OF EQUAL ELEVATION

surement of the altitude of the stars Vega and Arcturus are preferable since these ;

j stars are significantly brighter than Spica and_Regulus (see_Table 1). But in chaos-

14 Morch 1952 .
W = 450 km/hr;

H = 4800m ,

~extant X 3117 '

PU =8

Star

Arcturus

Vega

B

3hrs 07min
—3hrs.

3hrs. 10min. 40 sec
2-3hrs.

Tqr

Ohrs. 07 min

Ohrs 10min 40sec

¢ Sar

171°33

171°33°

Corr?ecfic’n
P

S

34°39’
© 33052

58°34'
58°51" _

—17" (=31 km)

+47° (+87 km)
151° 68°

PP, .oone

™ —
- 1
|

The shift in MC to allow for rotation of the earth is made
mde at 9 km in the direction Aq = 170°

B

—ing a pair of stars for obsarvation, besides their urightness, it is necessary also '
50—

-«to take into account the angle of mtersect;on of their line of sight.

~n
v.r"‘

i
—~that the closer this angle is to 50° the less error is l_ucely to occur in the exact "
TR

It is known

;deﬂminaiiwitﬂ on of the alrplane s 1nuroduced in the mea.surmg of the

T """—‘-'STAT

l

o3 NIRRT TR (ST LRI NS T T AT
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° -H}Liéﬂde—of—{hé star S:ince the a.ngle ‘of intersection of two lines of equal alti-
...x.. Y

owtudes obviously equals the difference of the azimuths_of the correapond.ing_at.a.ns,__
> —‘then in selecting the twin stars Arcturus and Vega, whose altitude was measured in

U oo e -

Example 13, it is necessary to define successfully the relation of the angle of in~
» . ‘

gt i = — J—

‘ 2% 26°F .
49

i
|

i
|

* = ; C-Position of a.ircra.ft
I 8;3, 3tkm ; 8233 87km; (ﬁc o

- - . I

__

r
Fig.1y3 - Determination of the Position of the Airplane by

~

Two Lines of Equal Altitlludes (frem Example 13)

PISRENGN TR PR W PROTIY T AN S

|
i 2ity, the difference of the
tersection to their lines of equal altitudle. In reaiity,

PSR

= 83° %, In ctice it is
L zimuth of these stars equals 151° - 68° = 83 , i.e., about 9C pra

-rot acceptable to select for observation a pa:_r o stars whose azimuth deviates !

5 o | (
—from 90° (or from 270 °) by more than 40~ | _

” If the pilot, instead of measuring the altitude of Arcturus, measured the alti-

i ?

i

o ’t de of Pola.us he would te able to determ_me the latitude of position (see Sec~ |
—tu ,

(-7

4ion 7), i.e., to f:.nd the ea.r’c.h's para.llel on whlch the. alrcraft is located at the-
i (o) » 2Coy

T _\

STAT]
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—— -

- moment of measurmg the "altitude of Polaris.

_This parallel, obviously, alsc would be the_astronomical lin= oLpQSi&ian_oL__

the airplane, whose locus would be found at the point of intersection of the parallel

nth the straight line of equal altitude or Vega. “The angle of intersection of these

|two lines of position of the airplane would be equal to 68°, since the azimuth of

1
‘Polaris is always equl to zero. The calcula.tlons in this case would be somewhat

‘shorte‘ since, for obtaining the latitude of position from the ‘altitude of Polaris,

it would be sufficient in this altitude to make only four corrections: correction

3 [
__‘of the sextant C, correction for refraction R, correction for the passage of the
i

.
__airplane E, and correction in the altitude of Polaris A%ol yhich is given in TVAZ.

A '
ll?or example, if in example 13 at the time ‘of 3 h 07 m, in the 3-hour zone, the mea-
u_ﬂsured altitude of Polaris were equal to b,7°35' then the latitude of the position

_Jcould be computed by the following m{at):xocl:I

© Bpol 47°35'
c +g’

—r
E . +31
A¢pol +58’

¢ 48°38’

—It is obvious that this calculation of thél elements of the line of equal altitude
13‘-:'Ls shorter than the former, that for the correction of the bearing of Polaris d».n-in;_.',i
l(j:—.!pa.ssage it. is possible to take an even rliaht angle (since the azimu xth of Polaris isl
l;:.equal to zero), and that the sidereal 1’.1mel , corresponding to the moment of mea.sur:mg

—the altitude of Polaris, need not be computed' it is possible to obtain. 1mmed3.auely,.‘
!

. --from the sidereal time, the correspording : altltudo of Vega, deducting from it 1°.

Table 11 gives standard times of astronomcal computations, recommended for the

1

) ‘, -'use in student flights in aireraft of the ;m.qserge,. type and in computation ground
1" !
!

e e - I c—— e e =n ———

'f‘:ﬂ'ﬂp 11 indicates that p:.lots with the czwatest skill in astronomical computa-.

_—— P

b STAT

!

T RN T N R TR B A AT

Oy vz Ty T N Ao
v IR IS TN TN RS FT

D . g
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e

o ——-
sy e S el o

£ Longi e
* ‘-_& "

=

0

- tions-éi)'e_nd— -;béut_j - 5 min in making them. In connection with this, before any :
9 t

_:: flight in which celestial navigation will play an_essential_role ,-it_is desirable to

4

gy

_. precompute the altitude and azimuth of stars for the purpose of shortening the time i

Table 11

Standard Time

Astronomical Computations
Satisfactory Good Excellent

Computation of the elements Not more From L Less than

of one PRV with the help than 7 min L min

of TVA and laying off on

the chart :

The same with the help Not more

of TVAZ . than 5 min
[}

Computation of the elements Not more
of two PRV with the help than 8 min
of TVAZ and determination |

of MG ’ .

O

Computations of the elements Not more
of one PRV and the latitude than 7 min
according to Polaris with
the help of TVAZ and the
determination of MC

ergar A W AR A T Ll A
; .

;.;lua_:m@m.@

\
RE
.

e
7,

2
ks

-

— {
]

= :

36_ppent on astronomical computations during flight.. Such precomputations were used on

‘

srets

I STV

A

33--a wide scale before the transartic non-stop flights of 1936 and 1937 and also before

40_certain other long flights and non-stop flishts. At the time of Vorld War II, spe-
—

42__lcia]l Tables of precomputed altitude and m.lzmrths of stars were used. At present,

- i
'1-4.—-£raining flights which are conducted in rélla’cively short trips, use precomputations

46according to a plan suggested by Ye.Zakomo:re. Knowing beforehand the time of

.o Wt o
2o o mertmmhamg my Y #ts T O3 Sk R L o

|
!
= |
48_f1ight, the pilot chooses an itinerary with a contour of some points of known lati- |

. LA
[T A R 1 I

i
5.°—~itudes , expressed in even number of degrees‘ , and a longitude convenient for mking
zo_L | .
32—'i1;he computations. ! &1
n—%--—«« For-these -points, which we will-call means,-the pilob- calculates-the --altitude—!:

56. and azimuth of any star gseveral times at jntervals-of- 16 min as well- as- the-corres—~

STAT!
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— ponding ala.psed time of flight.

a

(

— (ﬂivﬂ plus sign). An appllcaz.:mn

in 1 the follow:mg mcample~

Example 14. July 16, 1952 -
in the Brd-hour zZone,

14t

i

15 —

p—

13 __! .
__Sextant correction is equal to -3

16 July 1952

fais cslcnlation of the s

- mented by. the sextant coryection ¢

measured the altitude of the sun as equal to 550587,
-‘pilot uses a form with the precompu’c.ed magnitude of the altitude and azimuth of the
—:sun, computed for the mean point from the geographical coordinates

7°29 and for the subsequent time in the 3rd—hour gone: 15h 00m, 15h 16m, ete.

__‘altitudes of the sun, we use the Table given below.

FORM AND COMPUTATION SCHEME

@ 50-Yr 2014/03/14 : CIA-RDP81-01043R003200140002-5

tar altitvde is supple- |

{with minus sign)-the. correction for-refraction.r

of these

predetermined qables in flight is shown

!

A pilot flying at an altitude of 4000 m at 15h 2Im;

The
o= 5,°and A =

To calculate the elements of lines of equal

|
StaL-SunH=h000mc--3'

4
i
.
~

g

15hes, O0min,

15hrs. 16min,
154rs. 21min,

15hrs, 32, | 15hes. 48min

—S min

34°29
—1°1¥

D s R AMIOW TP NI

3°14

i

540

540

< LN VAT AR

55°58°

56°32° 54°40°

190°

—34"
197°

203° 210°

= time, for

——

Declassified in Part - Sanitized Copy Approved for Release
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which the altitude and azimuth of the sun
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"#'= time of measwement of the altitude of the sun;

i'rb: T.and (1, - T)° = difference of these times, expressed in units of time and —

units of arc;

9and Ap = latitude and longitude of the mean points;
!
A= longitude of computed points;
’;b = computed altitude of the sun;

!
A = computed azimuth of the sun;
t

h = measured altitude of the sun;
Ah = difference between measured and computed altitudes.

The longitude A is obtained from the formula

_ b
A=), + (T, — )"

|
As seen from the computation scheme, ‘the elements of lines of equal altitudes

—lare Ah = -34'and A = 197° for the computeq points from the coordinates ¢ = 54°
—and = 33°4".
For expediting the process of plotting PRV it is possible to use charts ob-

tained before the flight, including the plotting of all geographic parallels in the

!

-_region of the flight drawn for each 10" and also labeling of the latitude and longi-
36 i
3 :'tude. Tt is also desirable to have a right-angle protractor with 10" divisions of

Ao—a.rc of the meridian, in the scale used in flight charts (10" = 18.52 km). When lay-

i ——-Eng off on the chart of PRV to reckon Ah directly in minutes of arc, without making
2 .

¥

rreliminary translation to kilometers.

A '?3-3;15. The Astro-Compass

e umnirt  lvame WS ¥R ot areecvana

SR In regions near the magnetic poles of the earth, on passage of the aircraft
-

i | .

~—nyer the earth!s surface, the magnitude of magretic declination shifts so exiremely

- | '
“"“napidly that the use of the magnetic compass is made exceedingly difficult. Apart

i
t
- : l
*“~from this; “the horizontal components of the magnetic poles of the‘earth'in‘thes’e"‘“’";

i i

e e -

564 e e
i

23

-

Dy
: l?
;o7
E
J
i
=
&
kS
: ’3 .
R
= 2 g
™
o
d
'.;
=

4

j A rbet A Y -
3
AR |

< — B T N T F . VIR .
PR —————_ = P S

e rmemaen
TN S achiail ol 3o P T T T A T R T T R AR VI T BT LS

NP RAREN
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regions are of such insignificant magnitude that, in most cases, the use of the

magnetic compass is’ generally impossible. Therefore, during flights in such regions

it is most convenieni:. to use the astro-compass with which it is possible to guide
the aircraft along a predetermined
course with precise accuracy;. even in
the immediate vicinity of the magnetic
poles of the earth through interpreting
the visible heavenly bodies.

As early as 1923-2, the Soviet
flyer and topographer, Lubiski, for the
first time in the history of air naviga-
tion worked out the idea of navigating
aircraft along a course with the help
of the astro-compass. These ideas were
further developed by our designers, who
created a solar course indicator, suc-
cessfully applied during transarctic
non-stop flights for over 30 years, and
who are using at present the astro-
compass. Such astro-compasses or celes~

Fig.l4l, - Astro-Compass
tial compasses are of simple and durable
design, guaranteeing guiding of an aircraft along a course with an accuracy to with-
in 2°, and in most cases to 1° (Fig.144). ‘Thanks to these two sigh‘i;ing systems it
is possible to use them for solar fixes and also for nocturnal bodies: moon, plan-

ets, and stars. With the help of a third polarized sighting system it is possible

to get running fixes on the sun at twilight, when it is below the horizon, with the

sky (in the required zone) free of clouds.

In order to use the astro-compass, it is necessary to know the approximate

STAT
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- longitude and ‘latitude of the airplane and to take from the AAE the inclination and '
2 t '
- the Greenwich hour angle (for the time of incipient use of the astro-compass). During
4 ' |

_ observations of the sun, the lower sighting system is used and ‘during observation of |

e S . |

_.heavenly bodies at m ght the upper system. In Both cases a dial plate sight is ‘
8_., |

~'mownted on the scale, as demanded by the mgnitude of the hour angle of the star®.
10_

. ~!the upper part of the instrument is mounted at an inclination corresponding to the
? 1

! |

6.

‘—3latitude of position, while the longitude :of position is determined on-the scale by

|
16_ rotating the upper part of the 1'1151‘.rumeni;.I When using the upper sighting system the

s inclination of the star is determined on a. special scale.

FRV.

For guiding the aircratt along a set course s the pilot, after having determined

——the fixes of all initial data on the a.stro’-compass and having set the given course

_._8

o -on the lower scale, banks the aircraft unt|il the observed star is aligned, i.e., un-

i ',il the screen of the lower sighting a.ssembly shows the shadow bar between the two

I-.—-

l
——b]a.ck lines on the translucent screen (dunng observation of sun) or until the nav-

AaU‘ —l

-—i@.tor is convinced that the star” coincldels with the line of sight of the upper

36

. —,visual sight system of the astro-compass (during observation of stars at night).

[ A, !

3 L—-~‘Ai'ter this, the pilot stops turning the plane and controls it so as to have the ob-
]

|
Qs—served star occupy the necessary position (elative to this or the other sighting

R

'—aystems of the astro-compass.

38 ]

|
Since, at the time of flight, the hou!r angle of the star and also the latitude

: i
the astro-compass must be properly corrected in time; this is done with the help
|

T

i
of Tables prepared beforehand or from besic computations prepared at the time of

TR

b
Sir

,,“ ‘flight. For this, observations of the sunI are preferred since, in the lower sight- i

AN,

v ':!}

59 ;Lng system, the hour angle is changed automtically in time, thanks to the action of

I
{ *For stars, the Greenwich hour angle is computed by transformation of eq. (3)
f

fyr = Syr =,

|
!
151 .

e
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O . .- . -
—'a time mechanism connected with this system.

91 3 !
._i____For-solving other basic problems with the.help.of-the-astro-compass-~-determin-

G -

.jing the true course of an airplane - the éstro-compa.ss is set at the latitude and
5.1 :

longitude of position and also at the hour angle of the star, while its inclination

8:‘ |
._;is determined as before. At the end .of setting, the pilot rotates the instrument
10—, '

—'about the vertical axis until (during observations of tl;le sun) on the screen of the

§ |

b - |

-
13

i
Fig.1l45 -~ Polarocids

0-—:lower sighting frame a thin line no longen appears between the reticulated sereen

(or during night observations} while the star is not aligned with the line of sight
of the upper viewer of the sighting system. After this, the true course is read on

, |
the lower horizontal scale of the instrument.

38: In the navigator?s work, the is2 in flight of the polarization of the sighting

4O:rystem of the astro-compass, must bs checxied in detail, since this comprises a

M———:series of special operations. The fixing of the hour angle of the sun and its in-

s,

|
i clination in this case is performed in the usual manner from the scale of the upper :
p . | l
As—’gighting systems Usually, this method is :also used for determining longitude and

- |
titude on the astro-compass. In order tp avoid having to define the howr angle
|

. co_of the sun in flight, it is changed by 1° for four minutes; it is also recommended

v

i

‘ H
s o fix the hour angle of the sun by the lower sighting system. In thie manner, it
.,_9-——' ;

. is possible at any moment to use the scale of the lower sighting system for computing

! !
- the hour angle of the sun and, in a similar manner, to change the se:ting of the

fadadi v e e e = e artartn = e i - - et e e

e —-

)
!
152
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{ U

- hour angla ‘on the u upper 83, j.ghting system.

- )

i ____Ruming fixes of the sun in_this case are taken with_the help of a_ cireular

™y

- :
- _-polarized plate, consisting of three polaroids®. Two polargids of identical form

Bt e o . - . . .
-4 constitute what is called the penumbra analyzer, having equal brightness only in the’ .

6— |
,_; case when the sun, or the bearing fix of the polaroid sighting system of the astio-

10 .~
__] compass, or the hour angle of the sun is 90° from the hour angle of the plane of

12
ﬁ:bearing of the astro~compass. In order to be able to judge which of these two ca.sesl'

T,

apply, a third polaroid (of smaller s:.ze) is used, having the form of segrents. In{

0

16 —
| lcase the sun is used as for taking a ﬁ_x, the transparency of t.h:Ls polaroid is lessj

lthan that of the other two (Fig.1453); in the opposite case, the transparcncy of 'bhe

l
'
-~

former exceeds the transparency of the lar.ter polaroids (Fig.lh5b). Thus to take
_Ifix on the sun requires cither turning the airplane or rotating the astro-compas.

until both polaroids, constituting the penumbra analyzer, do not have the same
i .

_'transparency, it being known that the third polaroid (having the form of a segment)

__iwill be less transparent.
The navigator observes the transparency of the polaroids from a lateral direc-

_jtion, using a prism ccmpletely reflecting the inside and attached directly under-

_neath the polarization plate. This prismican be turned in any direction which

— i
—jfacilitates the process of observing. During examination of the polarsid through |
!

38
"_lthe prisz, the mavigator must make certa:iri to have limited the annuler Zfield of

40

.__view from the bright masses which seemﬁ@]&y have the same thickness in all sections.

42_ f
_"Thip is nscessary in order that the sight l1:'Lnes s from the direction in which the ;

4_ 4 H

havigator looks at the polarsid, are perpendicular to the plane of the polarization
46 l | H
t

431 ¥ transparent plate, coated with a thin layer of a substance consisting of micro-

S§0—scopic crystulr of roughly equal sharps is called a polaroid. The polaroid, to a

SZE!Sigm_f' icant degree, permits ths passage oi‘ sunlight falling on it from the clear ‘
S&E-jportion..(blus,) of the sgky, depending on the arrangement of the crystals in_the pol-. ;
56:’a.roid.re.’la.tive_to .the plate, passing across this portion,.the sun, and.the .polaroid.

'

.15‘3_.

IS e a1

et Vealite,
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0—
“plate ‘(i.e., the polarocids).

4]

._; (the center of this region is displaced with respect to the sun by.90°) is overcast
6 .. _— .
—~ibut that, in the n°ighborhood of t.his reglon (a.t a distance of not more than 20°) in

2~ ;
__‘.____..I_f At is_found that the region of the sky, illuminating the pola::iza.tion_pla.te_!
' !
l

the direction toward the sun or in the d:.rectly opposite direction, the sky is free
|

of clouds, a suitable increase or decrease in the deviation of the sun (not more
!

than 20°) from these computations is required until the polarization plate shows the
1

change to a clear part of the sky. !

!
As shown above, by using the. polarization sighting system it is possible to

take fixes of the sun in twilight, when i’cl is on the horizon. With an altitude of

‘the sun at 0° to -7° the accuracy of bearing is within 2 - 3°. When the sun is below
] *

he horizon the accuracy begins to drop sharply. However, it is possible to use
‘ I

he polarization :ughtfmg gystem in cases when the sun is located below the horizon
26

._"but is obscured by clouds, while clear slq appears on both sides of the circle of

28
jinclinatlon of the sun at an angular distance of 70 -~ 110° from the sun. In this

30

——-{case, an. exact fix on the sun to within 2 - 3° is obtained only when the a.lti‘cude
32
- —of the sun does not exceed 10°; for greater altitudes the accuracy of the fix is
3 ;

.—greatly reduced. '
ke ¥4 !

In all cases of using the astro-compajss it must bs-understood that it is pos-

3

40 !
4 ccurate setting of the coordinates on ite scale s and in the absence of any tilt of

i
. —the horizontal circle of the instrument, controlled with the help of two lcvels.
44 i

Do

] With an astro-compass, it is also poslsible to define the declination of a mag-

—netic compass and to solve certain other problems (for exampie, determination of the

!
:Eible to secure the above-indicated accuracy of fixes on heavenly bodies only by
!

course angle cf ground objects). ! -
i
During short-distance flights it is Dossibl\" to determine on the astro~-compass

the mean magnitude of the 1at1tude and also to use (tnrough apphz.a.h"‘ on of the upper

‘r.—n.....—... - o— f v wam me e e e e tmans - e ——

—*slght:mg system) the mean magnltude of the Greenwich hour anvle of stars. However, ;

56 4 oo e

| |
I STAT
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0

— by increasing the distance of flight, such averages (if the flight is not being mader

2
— in_the high latitudes) my lead to significant_deviations_of the. airplane from the__
I i
aet courss. To avoid this, at the time of rlight the setting of the astro-compass i

latitude and longitude beforehand and to determine the tire in which to chango the
1setting. This is explained in the following example.
Bample 15. Aprdl 17, 1952, aircraft flying from IFX (v = 55°7; Ay = 20°5")
Zito KeM (02 = 59°2"; Ay = 39%"). Rassage IPH in 6 hours in the 37 hour zone, cal-
15"' culated time of flight 5 h 00 m.
Find the difference in latitude and 1ongitudo IFY and KFM 9 ~ ¢ = +,05"
= +19%3", 5
Since the {light lasts 300 min, the t:.hange in average latitude must proceed
—at 1° for 66.7 min and the changs in longitudo at 1° for 15.5 min. Knowing th:.s, it

13 _{

Table 12
!

d)

6h oo™

6 39
710

7 41
812

8 43

9 14
945 -
10 16

10 47

LI S » — e -

a) Iatitude setting; t) Time of setgc.ng ¢) iongitude setting; d) T;una

of sett:.nz;

50] : ' ! : ‘

52:.—» 8 possible to compute the time at which the latitude of position of the aircraft
|

—'will equal 57° and the long:.tude Wil equa.l 23°, 25° ’ etc. At the time of flight, |

—:a setting of latitude 58 and lcugltude 21,.°, 26°, ete. must be adjusted on the

-

90 —

“STAT
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0 -
-~ astro-compass.
. 2 —‘4‘ ;
»: The_computation of this time can be made as-soon_as_ths_trackis_la.id_out,_with‘
4 ° { :

the aid of graphs. The calculation results are given in Table 12.

]

| e

- Thus, the change in sebt:mg of the latitude is limited to one time while the
8 1

—{change in setting of the longitude must be made every 31 min.
10

—_! In case the actual time of complet:.ng the flight differs from the computed
19

!t:une or significantly differs from the ti*ue of setting the longitude and latitude,
14

—

— taken from the tabulation, proper corrections must be applied.

The setting of the Greenwich hour angle of the sun in the example considered,

Imm-'rl'. have been derived for the time of 6 h 00 m (tgr = 225°); after this, it is

changed automatically. During night i‘]igﬁts » when the upper sighting system is

used, it is necessary to change (increase) the setting by 1° every four minutes.

Bl T T GNOP S

R T O T oy T
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